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CHAPTER ONE 
NATURE AND NEED FOR THE TUDY 
THE PROBLEM 
The purpose of this study is to analyze the high school 
science laboratories of schools built since 1930 in order to 
determine what appears to have become the standard practice in 
!high schools of different size enrollments. These practices 
will then be compared with the standards for high school labora-
tories as recommended by educators. 
NEED FOR THE STUDY 
In an extensive study of current literature it has not 
been possible to find any trace of a study that compares the 
high school laboratory facilities for the country as a whole. 
Carneal made a study of the science laboratories in the second-
ary schools of Florida. Other studies have likewise been made 
that are of a local or regional nature. 
METHODS OF PROCEDURE 
By consulting the American School Board Journal and 
the Architectural Forum for the years 1930 to 1940 it was 
pOssible to compile a list of a hundred and forty high schools 
that had been constructed during this ten year period. Those 
I chosen were the schools that had been written up in these pro-
fessional periodicals and that had complete floor plans ac-
companying the article describing the school. 
lcarl C Carnes, "A Study of the Natural Science 
Laboratories in the High Schools of Florida." Unpublished 
Master's Thesis, University of Florida, 1932. 122 pp. 
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To the head of the science department in each of these 
schools was then sent a check list that would make it possible 
to compare the facilities offered students. As a result of this 
a hundred fifteen replies were received, or a return of eighty-
two per cent. 
In an attempt to determine what laboratory furniture 
was available for the science laboratory nine leading labor&-
tory furniture manufacturers in the United States were asked 
to submit catalogs. Eight of these companies were kind enough 
to comply with the request and the several types of furniture 
have thereby been analyzed in this study. 
SCOPE OF THE STUDY 
The scope of this study has been kept as broad as 
seemed feasible because it was desired to find out what was 
being done in the better type of high school, such as would 
be reported in a professional magazine. Even though the 
schools were taken as they came throughout the American School 
Board Journal and the Architectural Forum in the numbers 
selected, almost two-thirds of the states in the United States 
lwere covered. A study of the accompanying map shows the wide 
!distribution which closely parallels the distribution of popula-
tion in the United States. 
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CHAPTER TWO 
THE LABORATORY FACILITIES AVAILABLE IN THE HIGH SCHOOLS 
In order to determine if the laboratory facilities in 
the hundred and fifteen high schools compared were adequate 
it was necessary to ascertain what was considered standard by 
those who represent the leaders in the field. The literature 
was therefore surveyed and the standards set up by the authori-
ties were compared. 
THE SIZE OF THE HIGH SCHOOL LABORATORY 
Massachusetts• Report,l p. 1. 
"Figure 1. represents an idealized floor-plan 
showing the layout for the science equipment 
of a small high school. It will be noted 
that the committee has planned for classes not 
to exceed twenty pupils, because experience 
has shown this is the maximum which one 
teacher can handle effectively in laboratory 
work. The committee would especially call 
attention to the adjoining room, which is 
used as a combination workshop, dark-room, 
and storage room. This highly important 
room is too often omitted in the architect's 
plans, much to the detriment of the science 
instruction." Laboratory size 44 1 x 24 1 • 
Laboratory Equipment for Illinois,2 p. 7. 
"The size of the science room will be determined 
by the maximum size of the classes and the n~ 
ber and kind of sciences taught. A room 
approximately twenty-four feet by forty-two 
feet makes possible a very satisfactory arrange-
ment of pupils' desks and a demonstration table. 
This room, if equipped with two twenty-four 
lReport on Equipment, Apparatus, and Materials for 
I 
Teaching Science in the Secondary Schools of Massachusetts. 
Bulletin of the Department of Education 1930, Number 8, 
Whole Number 219, p. 1. 
lJohn A. Wieland, and J. Roy Byerley. Laboratory 
~ ~ Equipment, Apparatus and Other Aids for High Schools in 
~ Illinois. Circular Number 298, p. 7. 
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foot Lincoln desks (also known as Multi-Service, 
Horace Mann, or Aeroplane type) or twelve desks 
five feet by two feet, will accommodate twenty-
four students, all facing in the same direction. 
A science room so e~uipped can be used for demon-
stration or recitation work and can also be 
occupied by other than science classes when not 
in use for science.• 
Byerley,l p. 59. 
"A combination laboratory-classroom approximately 
twenty four feet by forty-two feet makes possible 
a very satisfactory arrangement of pupils' desks 
and demonstration table." 
Carpenter and W&tkins, 2 p. 307. 
"The authors recommend that in determining the 
amount of space to be allotted to science work, 
the area standards advocated by building ex-
perts be adhered to. It seems to be widely 
accepted that there should be approximately 
35 s~uare feet of floor space for each science 
pupil. This area includes floor apace for the 
laboratory, storerooms and special rooms. Since 
it seems to be the tendency to increase the 
number that must be accommodated at any one 
period in a beginning science class, the 
figures given here assume that the number of 
pupil stations needed for the class is 40. 
"In a modern school the size of a classroom is 
often adopted as a unit, and special rooms are 
made multiples or divisions of thia unit. A 
popular size for classrooms is a room 30 feet 
long and aa 1/2 feet wide, a floor apace of 
675 a~uare feet. This, with a 12-foot ceiling, 
furnishes ade~uate volume for a class of approx-
imately 40 pupils, when it is used for regular 
classroom work. 
lJ. Roy Byerley. Planning and Equipping the Science 
I Laboratory. American School Board Journal, XCVIII(January, 1939), p.59. 
II 
6 
"Standards of room volume for a science laboratory 
may be sufficiently well met by the use of two 
standard units; there will then be available a 
total floor apace of 1,350 square feet, or 
33 3/4 square feet per pupil, for a laboratory 
with a capacity of 40 pupils. 
"The main part of the floor apace is 50 feet 
long." 
Gruhn and Hasae,l pp. 47-49. 
Floor plans show a chemistry laboratory 34 1 
x as•. 
Floor plans show a physics laboratory 35 1 
X 24 1 • 
Floor plana show a biology laboratory 30' 
X 24 1 • 
Hart and Givens,2 pp. 435-438. 
Floor plana adopted by the Oakland Public 
Schools, Oakland, California provide for 
32 pupil stations. Chemistry laboratory 
50 16" X 24 1 • Physics laboratory 47 1 X 24 1 • 
Biological and General Science laboratory 
49 16" x aa•. 
Hoover,3 p. 340. 
"In spite of the reported diversities of 
opinion on the part of architects and 
scientists, the latter are willing to give 
the former much liberty, if they will but 
recognize one fundamentally important 
principle, that is, in the planning of a 
laboratory consideration should be given, 
from the very first, to the work unit that 
is to characterize the interior arrange-
ment. This unit, in most instructional 
laboratories is the student's desk and an 
adjoining aisle, and averages from the 
best fi~es available, 5 to 6 feet long 
and 4 1/2 to 5 feet wide. Some multiple 
lcarl v. Gruhn and Merten Hasse. "Modernizing T.he 
Science Layout For Efficiency." American School Board Journal, 
XCVI(Marchrl938), PP• 47-49. 
aF. W. Hart and Willard E. Givens. "Science Labora-
tories in Secondary Schools.• The American School And Univer-l sity. Third Edition, PP• 435-43 • 
I 3c. R. Hoover, "Recent Trends in Laboratory Construe-
tion, with Special Reference to Chemical Laboratories." !a! 
American School And University. seventh Ed., p. 340. 
7 
of these distances, or the unit size agreed 
upon, should determine the interior dimensions 
of the laboratory rooms.• 
"Dr. John A. Cla%k, Chairman of the Science 
Council of New York City, recommends a general 
chemical laboratory of 23 feet x 42 feet, with 
13 1/2 foot long connected table units.• 
Long,l PP• 520-526. 
Figures 2 and 3 show recommended floor plans 
for enrollments up to one hundred and fifty 
pupils. Size 42 1 x 22 1 • Twenty-eight pupil 
stations with Lincoln type tables and thirty-
two pupil stations with four-pupil laboratory 
tables. 
In addition to the combination laboratory, 
Figure 2 or 3, a general purpose room, size 
3QI X 22 1 or a general purpose laboratory 
37 1 x 22 1 is added for enrollments from one 
hundred and seventy-five to five hundred. 
Note Figure 4 and Figure s. 
Figure 6 shows the laboratory layout for 
biology when enrollments exceed five hundred. 
Size 38 1 x 22 1 • 
Mattern,2 pp. 439-443. 
In the case of a strictly chemical laboratory 
room sizes recommended are 36 1 x 22 1 6" or 40 1 
6" x 22'6". For the smaller school using a 
combination laboratory three possibilities are 
offered, 32 1 x 22 1 , 291 x 22'6" or 44 1 x 22 1 6". 
Figures 7-11 show plans to conform to the a.l:Q ve 
sizes. 
Meister and Hethershaw,3 p. 284. 
Biologic~l laboratory. "The dimensions of this 
room vary considerably. The usual size to 
laaymond v. Long. •special Types of Equipment For 
High School Science Laboratories.• The Americ~n School And 
Universit~. Tenth Edition, pp. 520-526. 
L. w. Mattern. "High School Laboratories for 
Chemistry.• The American School And University. Third Edition, 
pp. 439-443. 
Morris Me~ater an c ence 
Rooms and Their Equipment.• The Thirty-First Yearbook of th 
Society For The Study of Education. part I A Program for 
Teaching Science, p. 284. 
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ocomodate thirty pupils doing individual work 
i S 28 1 X 40 1 11 • 
Physics and Chemistry Laboratory. The committee 
follows the recommendation of Mattern, that is a 
room 22 1 x 361 which accommodates 32 pupils for 
individual work. 
Monahan, 1 p. 8. 
•For a class of 24 pupils, the room to be used 
as a laboratory only, the standard classroom 
22' or 24 1 x 32 1 may be used although a room 
38' in length is very desirable. This permits 
the use of three double student tables each 
3 feet high, 12 feet in length, and 4 feet 
wide, placed crosswise with the room.• 
Monahan,2 p. 52. 
"The class which can be handled by one instruc~ 
tor to the best advantage is approximately 24 
pupils. A joint laboratory-lecture room for 
24 students requires a floor apace 22 or 24 
feet in width and 42 or 44 feet in length. 
This ia sufficient length so that six to eight 
feet at the front end can be cut off to form 
one or two supply rooms.• 
Monahan,3 p. 124. 
"In chemistry this permits the use of 3 double-
student tables, each 3 feet high, 12 feet in 
length and 4 feet wide, placed crosswise with 
the room. • 
"If the plan is followed of providing the 
demonstration-recitation space at one end of 
the physics and chemistry laboratories, and 
in the laboratories themselves as suggested, 
the room should be 42 to 44 feet in length. 
This gives space at one end for a lecture 
table and 24 tablet-arm chairs for pupils. 
If the Lincoln School type of table is used, 
lA. c. Monahan, Laboratory Layouts For the High School 
Sciences, Bulletin of U. s. Bureau of Education No. 22, p. 8. 
2A. C. Monahan, "Permanent Equipment For High School 
Sciences.• School Science and Mathematics, XXXI(January,l931), 
p. 52. 
A. c. Monahan, P ann ng 
The High Schools.• American School 
(February,l931), p. 124. 
14 
the room need not be over 36 feet in length 
although 38 feet is to be preferred. The 
standard width of 22 or 24 feet is suffi-
cient.• 
Seubert~l p. 218. 
"For a class of twenty-four students and a 
demonstration desk, a room length of 35 
feet is essential~ not providing for stor-
age cases. In the combination laboratory, 
a separate storeroom is desirable, pro-
vided cases in the laboratory are only 
for museum specimens and the more expen-
sive and delicate apparatus.• 
Shigley~2 p. 69. 
"FOr the relatively small high school em-
ploying one teacher for science, the lay-
out here illustrated represents the most 
feasible classroom plan.• 
"The department illustrated consists of 
one large room 40 feet by 22 feet and two 
smaller rooms. • 
Strayer and Engelhardt~3 pp. 43-51. 
"Approximately 35 to 40 square feet of 
floor space for each pupil to allow for 
ample work room around tables." 
This survey of the standards set up by the leading 
educators in the science field appears to indicate that the 
laboratory should be somewhere between 35 and 50 feet in 
length. The middle 50% of the standards recommend from 38 
to 42 feet for the length. The width recommended is from 32 
to 24 feet. All appear to agree that it is safe to figure 
on from 35 to 40 square feet per pupil in the laboratory. 
lArthur Seubert, "Science Laboratory Equipment For 
Junior and Senior High School." Junior-Senior High School 
Clearing House, IV(December, 1939), p. 318. 
3Arthur Shigley~ "Designing A Science Laboratory 
" tum' a SQhools I LE._e.bruar 
1939 ' p~ 69. 
George Drayton Strayer and N. L. Engelhardt~ 
Standards For High School Buildings, PP• 43-51. 
15 
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I' After compiling the returns in this study it was found 
that of the forty-six high schools reporting whose enrollment 
was 650 or less, forty-one schools, or 89%, had one or two 
combination laboratories. All references to combination labora-1 
tories contain the statement that this type of room must be 
longer than the standard laboratories if efficient work is to 
be attained. In view of this fact the size of the laboratories 
for schools of 650 pupils or less, was considered in a table 
separate from schools of larger enrollment. 
Table I gives for the length of the eighty laboratories 
a twenty-fifth percentile (Ql) of thirty-five feet and a 
seventy-fifth percentile (Q3) of forty-nine and a half feet. 
Therefore fifty percent of the oases fall within the standards 
set by the educators and twenty-five percent provide labora-
tories larger than those recommended. 
Table I gives for the width of the laboratories a 
twenty-five percentile (Q1 ) of 21.7 feet and a seventy-fifth 
percentile (Q3) of 28.7 feet. This indicates that 50% of the 
I 
1: 
cases are within the standards set by the educators. Further- 1 
more when it is observed that the mode of forty-three oases is 1 
from twenty to twenty-four feet this is to be considered a 
, close approximation of the standards set up. 
i 
I 
Table II gives the data for schools of more than 650 
students. The twenty-fifth percentile (Ql) is 37.3 feet in 
length and the seventy-fifth percentile (Q3) gives the length 
of 47.4 feet. This shows a slight narrowing in the range of 
17 
the length. This would be expected if this group had the same 
distribution as the former group inasmuch as there are a 
greater number of cases and therefore a piling up of scores 
around a mean. Over 50% of the cases would represent accept-
able standards as to length and 25% would exceed the recom-
mendations in this regard. 
18 
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TABLE I 
Distribution of length and width of laboratories for 
high schools with enrollments of 650 and less. 
75-79 
70-74 
65-69 
60-64 
55-59 
50-54 
45-49 
40-44 
35-39 
30-34 
35-29 
20-24 
15-19 
f 
length 
1 
5 
1 
2 
3 
8 
10 
ao 
11 
8 
7 
4 
80 
Q1 35 feet in length 
Q3 49.5 feet in length 
Ql 21.7 feet in width 
Q3 28.7 feet in width 
f 
width 
1 
4 
12 
19 
43 
1 
80 
I 
·j 
TABLE II 
Distribution of length and width of laboratories 
for high schools with enrollments of more than 650. 
75-79 
70-74 
65-69 
60-64 
55-59 
50-54 
45-49 
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
f 
length 
8 
11 
14 
25 
59 
105 
61 
42 
7 
332 
Ql 37.3 feet in length 
Q3 47.4 feet in length 
Ql 21.7 feet in width 
Q3 27.9 feet in width 
f 
Width 
3 
45 
108 
169 
7 
332 
20 
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Table II gives the twenty-fifth percentile (Q1) as to 
width at 21.7 feet and the seventy-fifth percentile (Q3) at 
I 
27.9 feet. This is quite close to the width found in Table I 
I and as such is within the educational requirements. 
I Five of the people answering the check list made 
specific comment on the fact that their combination laboratories 
and classrooms were too small, the size of their laboratories 
running between thirty-seven and fifty feet in length by 
twenty-five to thirty feet in Width. Undoubtedly an important 
factor in making a combination laboratory and classroom success-
ful is being sure it is large enough for efficient work. Three 
other instructors recommended pupil stations of between thirty 
and forty instead of the standard twenty-four. 
The facts brought out by this survey are th~t for 
schools of less than 650 pupils the laboratories which usually 
are of the combination type, should be designed to be between 
the first quartile (Ql) of 35 feet and the third quartile (Q3) 
1 of 49 l/2 feet in length and between the first quartile (Q1) 
of 21.7 feet and the third quartile (Q3) of 28.7 feet in width. 
For laboratories of schools over 650 pupils in size the measure-
ments are between the first quartile (Ql) of 37.3 feet and the 
t hird quartile (Q3) of 47.4 feet in length and between the 
first quartile (Ql) of 21.7 feet and the third quartile (Q3) 
!of 27.9 feet in width. 
I 21 
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NUMBER 0 F LABORATORIES 
In regard to the number of laboratories to be pro-
vided for different sized enrollments educators make the 
following recommendations. 
Uassachusetts' Report#l pp. 1 and 5. 
"The actual number of rooms required Will# of 
course# depend on the size of the school. In 
the small high school (with an enrollment less 
than 200) all the sciences may have to be taught 
in a single room. BY careful planning this can 
be done, provided that there is ample space 
allowed for storage.• 
•In those schools which can afford to have two 
laboratories the committee would recommend one 
for general science and biology and the other 
for physics and chemistry. An ideal floor-plan 
is shown in Fig. 14 where it will be seen that 
the two laboratories ~re separated by the 
storage workroom.• 
lReport on Equipment, Apparatus, and Materials for 
Teaching Science in the Secondary Schools of Massachusetts, 
op. cit., pp 1 and 5. 
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Laboratory Equipment for Illinois~l p. 7. 
"The number of science rooms required~ of course~ 
will depend on the size of the school and the 
number of science classes. In small schools 
where only three or four soience classes, such 
as general science, biology, physics, and 
chemistry~ are taught~ one science room will 
be sufficient, provided it is well planned. 
The class work in physics, biology, chemistry~ 
and general science can be performed on the 
same student tables if these are properly 
equipped. Some small schools use a single 
laboratory for physics ~nd chemistry, and 
another laboratory for biology and general 
science. • • • • • • • • • • • • • • • • • 
Two combination laboratory classrooms will 
be sufficient for schools with five to eight 
science classes; three rooms will be suffi-
cient for from nine to twelve classes." 
Long, 2 p. 526. 
"Enrollments up to a hundred and seventy-five 
pupils need one science laboratory. Enroll-
menta from a hundred and seventy-five to four 
hundred need one science laboratory and one 
general purpose laboratory. Enrollments from 
four hundred to seven hundred need two science 
laboratories and a general purpose laboratory. 
Larger schools will need the type of laboratory 
suited to their registration." 
Mattern,3 p. 439. 
"A school, for instance, with 1,000 or more 
pupils will have from 500 to 600 enrolled in 
the four laboratory scierx: es, a bout 100 to 125 
in chemistry, if given in the third year of 
the high school course, and an additional 30 
to 60 if a second year in chemistry is given. 
These figures are based on studies in high 
school enrollment made by the o. s. Bureau of 
Education • 
.I. John A. Wieland and J. Roy Byer-ley, op. c1~. ~ p. ·r 
~Ra~ond v. Long, op. cit., p. 526. 
L. w. Mattern, op. cit., p. 439. 
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Figure 16 
Biology Laboratory SUite. 
J. Roy Byerley. "Planning and Equipping the Science Laboratory.• 
American School Board Journal~ XCVIII(January,l939), p. 59-62. 
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"A high school with 100 students in first year 
cmmistry needs laboratory tables for at least 
35 students working at the same time, and 
preferably, tables for 50 students at a time. 
A program which provides for two separate stu-
dents in different class sections using the 
same space at the laboratory table is easily 
made. One for three students to use the same 
space is possible but more difficult. Stan-
dard chemical tables are made, however, with 
cupboards and drawers for three sections of 
students as well as for two sections. • 
. 
Mobaha.n,l p. 2. 
"Very few high schools need more than a 
single laboratory for each of the four prin-
cipal higb-school science subjects: Chemistry, 
physics, biology a.nd general science. In all 
but very large schools the general science 
classes may well use the other laboratories, 
particularly the biology laboratory. Smaller 
schools often use a single laboratory for 
physics and chemistry, a.nd another laboratory 
for biology and general science. In the 
smaller schools where there are but three or 
four classes in a.ll science together, a 
single laboratory for all will suffice, pro-
vided it is equipped with special furniture 
for student desks and with sufficient cabinet 
and storage room, and apparatus, equipment, 
and supplies.• 
Monahan,2 p. 56. 
"In a. school of 1,000 pupils, if the percentage 
of enrollment in the various subjects holds, as 
they will in the majority of schools, there will 
be approximately 200 pupils in General Science, 
160 in Biology, 72 in Chemistry and 70 in Physics. 
In sections of ~pproximately 24 pupils, the 
school will need two laboratories for General 
Science, two for Biology, and one each for 
Chemistry and Physics. The rooms would be in 
use either for laboratory work or for recitations, 
from two-thirds to five-sixths of the school day. 
lA. c. Monahan, Laboratory Layouts For the High School 
Sciences. Bulletin of u. s. Bureau of Education No. 22, P• 2. 
2A. c. Monahan, •Permanent Equipment for High School 
Sciences. 8 School Science and Mathematics,XXXI(January, 1931), 
p. 56. 
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•In a school of 500 pupils in four year high 
school work, one laboratory for each of the 
four science subjects would be required 
ordinarily. The Chemistry and the Physics 
classes may use the same room if it is 
equipped with the proper furniture. This 
would be in the Lincoln type table or some 
other special design for use in both sub-jects, such as the four-student center-sink 
type. In a school of 250 pupils, two 
laboratories are needed. One would ordin-
arily be used for General Science and Biology 
the other for Chemistry and Physics. In 
some schools General Science and Physics are 
given in the same room, Biology and Chemistry 
the other. This is because science men often 
fear that the chemical fumes in the labora-
tory used for this subject will injure the 
instruments and apparatus used especially 
in Physics." 
Monah~n,l p. 138. 
"A single laboratory therefore equipped with 
suitable furniture can be made to answer the 
needs of a school of 100 pupils, if funds are 
scarce; however, 2 laboratories should be 
provided if possible. One would be used for 
general science and biology, the other for 
physics and chemistry. Both should be used 
for demonstration exercises and recitations, 
rather than using other rooms for these 
purposes. 
"A high school of 200 total enrollment would 
have two or three sections in general science 
and one or two sections in biology •••••• 
A single laboratory will accommodate these 
three sections in both laboratory work and 
recitations. A single laboratory for physics 
and chemistry will accommodate both subjects 
even if both are given the same year. 
"For a school of 500 probably two general 
science laboratories may be necessary, and a 
separate laboratory for each of the subjects, 
biology, physics, and chemistry." 
1A. c. Monahan, "Planning Science Laboratories For 
The High Schools." American School Board Journal, LXXXII 
(January,l931), p. 138. 
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TABLE III 
Distribution of the number of laboratories provided to the 
high school enrollment. 
1 2 3 4 5 6 7 8 9 10 laboratories totals 
100-199 9 3 12 
200-299 4 3 
7 
300-399 1 5 1 7 
400-499 2 4 2 8 
500-599 3 2 a 2 9 
600-699 4 1 5 
700-799 a 5 4 11 
800-899 1 1 2 
900-999 2 2 4 
1000-1099 1 2 1 4 
1100-1199 1 1 a 
1200-1299 3 2 1 6 
1300-1399 1 1 2 
1400-1499 1 1 2 
150Q-1599 1 3 
1600-1699 2 1 3 
1700-1799 
1800-1899 1 2 2 1 1 7 
1900-1999 
2000-2099 1 1 2 
2100-2199 1 2 3 
220Q-2299 1 3 
2300-3399 
Total 19 24 19 19 7 10 1 3 102 
r • + .84 
I 
I 
lj 
ii 
The authorities seem to find it hard to make their 
statements definite but they do appear to recommend one 
laboratory for small schools and two or three laboratories 
for schools with enrollments in the hundreds. The larger 
schools with enrollments in the thousands will need at 
least four laboratories and as many more as are necessary 
for the particular registration in each science course. 
Table III shows the distribution of the number of 
laboratories to the hi gh school enrollment. In tabulating 
these scores schools with enrollments over 2,300 have not 
been used because it seems that the number of laboratories 
found in schools of that size would be determined by local 
conditions. The curriculum, the standards of the science 
_department, the personnel of the science department, the 
local industrial conditions and other similar factors tend 
to determine laboratory facilities in our cities. 
29 
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TABLE IV 
Distribution of the number of laboratories provided to the 
registration in the science department. 
1 2 3 4 5 6 7 8 9 10 11 12 Total 
laboratories 
0-99 10 4 14 
100-199 6 7 1 1 15 
200-299 2 9 5 3 19 
300-399 3 3 1 7 
400-499 1 2 4 1 8 
500-599 1 3 1 3 8 
600-699 1 5 4 1 11 
700-799 4 1 1 6 
800-899 1 1 3 1 6 
900-999 1 1 1 1 4 
1000-1099 1 1 2 
1100-1199 1 1 a 
1200-1299 1 1 1 3 
1300-1399 1 1 
1400-1499 
1500-1599 1 1 
Total 19 24 21 18 7 10 1 4 1 1 1 107 
r =+.75 
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TABLE V 
Distribution of the number of students registered in the science depart-
ment to the enrollment of the high school. 
0) 0) (J) 0) 0) 0) 0) ~ 0) 0) m m 0) m m m m m m T (J) m ()) (J) Ol m m m 0) m m &i m m m ()) ()) m I ,..... C'1 t4) <d' t.C) (() c--. 00 m 0 ...... t4) ~ LO t.O c--. <X) 0 
0 I I I I I I c!, I I ...... ...... ...... ...... ,..... r-f r-f r-f r-f t 0 0 0 0 0 0 0 0 I I 6 I I I I I I 0 ~ ~ 0 2 @ 0 0 0 0 0 0 0 0 0 0 0 a r-f ~ c--. 00 ()) 0 0 ~ ~ 0 2 0 0 0 0 rl ~ t.O c--. 00 1 
r-f ...... r-f ,..... r-f r-f r-f r-f ,..... 
Registration in science. 
100-199 9 3 12 
200-299 2 3 2 7 
300-399 5 2 7 
400-499 3 5 8 
500-599 3 1 1 3 1 9 
600-699 2 2 l 5 
700-799 5 2 1 2 l 11 
800-899 l 1 2 
900-999 1 2 1 4 
1000-1099 2 1 1 4 
1100-1199 1 1 2 
1200-1299 1 2 2 1 6 
1300-1399 1 1 2 
1400-1499 1 1 2 
1500-1599 1 1 1 1 4 
1600-1699 1 1 1 3 
1700-1799 
1800-1899 1 1 3 1 1 7, 
1900-1999 
200Q-2099 1 1 2 
2100-2199 2 1 3 
220Q-i3299 1 1 1 3 
2300-2399 
2400-2499 1 1 
2500-2599 
2600-2699 1 1 2 
2700-2799 
2800-2899 1 1 
2900-2999 
Total 14 15 19 7 8 8 10 6 5 4 2 2 3 2 1 1 107 
r :.r.86 
1 
II 
The coefficient of correlation between the high school 
enrollment and the number of laboratories was found to be plus 
.84. This is remarkably high and indicates that the number of 
laboratories provided per hundred students has become quite 
standardized in practice. 
Table IV shows the number of laboratories provided and 
the total registration in the science courses. The coeff icient 
of correlation in this case is plus .75 which is lower than 
the coefficient mentioned above. This can possibly be explain-
! ed by the fact that the specific registration in the science 
I courses is influenced by the nature of the course, method of 
/ instruction, personality of the instructor or opinions held 
regarding the size of classes in science laboratories. 
Table V gives the distribution of the science regis-
tration as against the high school enrollment. The coefficient 
of correlation c~ .as) is higher than between enrollment and 
number of laboratories or between number of laboratories and 
the number of pupils t~king science shows the effect of 
required courses and the influence of college entrance re-
quirements. 
It was felt that these coefficients of correlations 
might be of service to those planning science departments in 
new high schools. In view of the present practice of design-
ing the high school for today 1 s school population it seems 
that Table III particularly is important if science departments 
1 are to be planned for maximum efficiency. 
I 
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LOCATION AND LIGHT OF THE LABORATORIES 
There is a wide difference of opinion among the 
experienced men in the field as to the preferable location 
for the laboratories. The following standards, however, have 
been set up. 
Laboratory Equipment for Illinois,l P• 8. 
nB~sement rooms are usually not satisfactory for 
laboratory purposes. They should not be used 
unless they are exceptionally well lighted and 
ventilated. The light should, of course, be over 
the student's left shoulder. The planning of the 
artificial light in a science room is especially 
important. The light unite should be installed 
so that the row of lights nearest the wall op-
posite to the windows can be switched on sepa-
rately in order to supplement the light on the 
desks in the darker parts of the room. The 
amount of light on the desks in a science labora-
tory should be approximately twenty foot-candles. 
All lights should have white shades that give a 
soft diffused light. Small dimly lighted or 
poorly equipped laboratories do not meet the 
requirements for recognized and accredited high 
schools. It is probably best to locate the 
biology laboratory on the southeast corner, 
placing the windows on the east and adding a 
sma.l.l conservatory on the south. n 
Byerley,2 p. so. 
nFifteen foot candles on each desk should be 
regarded the minimum and perhaps ao foot-
candles on each desk would be better, es-
pecially when we consider the fact that our 
eyes were developed to see outdoors where 
the intensity of light is as much as 10,000 
foot- candles. 
• • • • • • • • • • • • • • • • • • • • • • 
•science laboratories should be located on the 
first floor if possible. This location makes 
the science laboratory more convenient for 
bringing in science materials and also helps 
~John A. Wieland and J. Roy Byerley, op. clt., p. ~. 
2J. Roy Byerley, op. cit., p. 60. 
33 
to decrease the disturbances made by science 
classes when leaving or entering the building 
on field trips. Basement rooms are usually 
not satisfactory for laboratory purposes. 
They should not be used unless they are 
exceptionally well lighted and ventilated." 
Hoover,l p. 342. 
"For the natural lighting of laboratories, 
where possible, one-half of the outside walls, 
above work-table height, should be window 
space. North or even south exposure is 
preferred to the more variable east or west 
exposure; for afternoon laboratory sections, 
however, rooms lighted from the east are more 
acceptable than those lighted from the west. 
For certain types of instrument and micro-
scopic work, especially in biology and 
physics, window-sash with cross bars and 
small panes of glass are objectionable. 
Vertical lighting has not been so popular 
in laboratories as in industry. 
•Artificial lighting practice in laboratories 
is an agreement with the results of numerous 
studies of school lighting. From ten to fif-
teen effective foot-candles, on the working 
surface, is the intensity of illumination 
recommended at the present time for ordinary 
laboratory work. Enclosed bulbs, with some 
modification of light to approach a diffused 
daylight spectrum, is recommended. Most 
builders are using relatively large unit 
fixtures well above, but over, laboratory 
tables. Semi-indirect or ~ndirect lighting 
is preferred for classrooms." 
Mattern,2 p. 439. 
"The prevailing opinion regarding the two 
types of departments referred to favors the 
location of either of them on the top floor 
along the main corridor wherever there is 
the most light." 
34 
Stogsdill,l p. 344. 
"It was decided to use the south side of the 
building on the second and third floors. 
Physics and chemistry were located on the 
third floor.• 
Strayer and Engelhardt,2 p. 43. 
•Natural lighting on left of pupils or left 
and rear if desired. South, east or south-
east orientation is preferred." 
Two authorities recommend or imply a preference for 
the first floor. Hoover, and Strayer and Engelhardt, make 
no definite recommendations. Apparently if the other qualifi-
cations are satisfactory, the location as to floor is subject 
only to the convenience of administration. Stogsdill reports 
that in his school the science teachers chose the second and 
third floor for the science department. 
Candle power of light for student work in the labora-
tory is a subject worthy of special investigation. Three 
educators give standards ranging from ten to twenty foot-
candles. 
In this survey the distribution of laboratories 
according to floor was as shown in the following table. 
Location f % 
Basement 6 4.0 
First 43 as. a 
Second 60 39.5 
Third 40 26.3 
Fourth 3 a.o 
Prevailing practice in i9.ti'J, of the cases is to 
lJ. w. E. Stogsdill, "Physics Classrooms and Labora-
tories in the Wichita High Schools." The American School And 
_s_e_v_enth E 
2 George Drayton Strayer and N. L. Engelhardt, op. 
cit., p. 45. 
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locate the science department on the second floor. If the 
second floor is considered the top floor, as is often true, 
[and then in addition one adds those laboratories located on 
the third and fourth floors of the schools, it is found that 
the science rooms are on the top floor usually. 
• 
The reasons for this trend are many, such as, better 
light for experiments and plant growth, easier ventilation, 
and less interference with regular classrooms. The reasons for 
formerly recommending the location of the science room on the 
first floor was ease of receiving supplies, plumbing was not 
in the classroom underneath, and the pupils did not disturb 
other classes when coming in from field trips. Today new 
sohools have elevators so supplies are transported vertically 
very easily. Plumbing facilities are of a better grade and do 
not need repair as often, consequently they are made accessible 
from the laboratory floor. With regard to field trips so many 
other classes in the school go on excursions that the rest are 
accustomed to it. Modern schools are prepared for this activity 
during classes by having sound absorbing material in corridor 
aeilings. 
A department head of a school with an enrollment of 
over 2,000, equipped with six laboratories on the third (top) 
floor of his building suggested as an improvement the moving 
of his rooms to the lowest floor level. Four other department 
I heads merely recommended that all science laboratories be 
placed on the same floor. 
I 
I 
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I 
The fact that two science department heads took the 
trouble to write down the sug3estion that laboratories be 
given more sunlight was interesting. Hoover, Stogsdill, 
Strayer and Engelhardt recommend the south, east or west 
light as the correct type for the laboratory. 
TYPE OF LABORATORY 
The type of laboratory provided in our secondary 
schools has been subject to much change in the last few years. 
That is, we have three possibilities (1) classroom and labora-
tory kept separate, (2) classroom and laboratory combined, with 
students using chairs in the front of the room for demonstration 
or recitation, and (3) classroom and laboratory combined by 
students remaining at specially constructed laboratory tables 
during the demonstr~tion or recitation. 
Educators in this field have written extensively upon 
this topic as the following quotations will indicate. 
Packard,l p. 527. 
"Each room a combination of lecture room and labora-
tory with cases at the side of the room for appar~ 
tus, notebooks, and a wardrobe, makes the conditions 
fairly ideal." 
Massachusetts Report,2 p. 5. 
"Many teachers prefer separate rooms for the labora-
tory work and for the demonstration work. The 
lecture room with raised seats unquestionably 
brings the pupils nearer the demonstration table, 
and in addition, even those in the rear seats can 
see the experiments better than when all are seated 
lJohn c. Packard, •A Laboratory Suite." School Science 
and Mathematics, XXXIV (May, 1934), p. 527. 
aReport on Equipment, Apparatus and Materials for Teach 
ing Science in the Secondary Schools of Massac~setts, op. cit., 
p. 5. 
at laboratory tdbles facing front. In large 
schools, in order to make the maximum use of 
all the schoolrooms, there has to be a fixed 
schedule or program for the use of the lecture 
room and labor~tories at definite periods in 
the week. This means some loss in flexibility 
of work in physics and chemistry with the result 
that there is a real danger that the laboratory 
work may become stereotyped and mechanical." 
Byerley,l p. 59. 
•A science layout which is economical in regard 
to cost and utility of space must be construct-
ed and equipped so that it can be used through-
out the entire school day for science or other 
educational purposes." 
"According to many authorities today, the 
science room should be olanned and equipped 
so that the instructor can give demonstrations, 
direct reference reading, hold class discus-
sions, and conduct laboratory work on one and 
the same room. This arrangement makes possible 
the elimination of the fixed laboratory and 
recitation period. The instructor can, there-
fore, use the time during the teaching period 
as he sees fit, thereby making possible more 
effective learning. Thus, a single science 
room seems preferable to separate rooms for 
the laboratory and recitation work." 
Carpenter and Wa~kins,a p. 306. 
"In the last five years the need for providing 
one large flexible room for high school science 
classes has been emphasized by two administra-
tive tendencies. These are the trend to larger 
classes in all high school subjects, and the 
tendency to confine beginning science to a 
single period. This may perhaps be a length-
ened period, but the trend is away from the 
old schedule of three single periods for class 
work and two double periods for laboratory." 
2TJ·. RQy Byerley, op. cit.~ ~· 99 W. Carpenter and Ralpn Ya~k~ns, op. cit., p. 306. 
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Gruhn and Hasse,l pp. 47 and 48. 
"The new science layout, completed last summer, 
cares for the 450 students enrolled in the 
sciences as well as two classes in other sub-jects. The number of pupils accommodated has 
been almost doubled and yet the floor space 
needed has been cut in half. 
• • • • • • • • • • • • • • • • • • • • • • • 
"A chemistry laboratory, which is available 
every day during the week for academio class• 
work, is a boon to the adminstration in a 
school system which is growing in enrollment. 
The room is planned so that the space formerly 
used for laboratory work alone is now used for 
class periods for each school day. • 
Hart and Givens,2 p. 435. 
•Each laboratory is designed to serve all the 
requirements of the particular courses for 
exercises of the pupils, teacher demonstra-
tions, lectures, discussions and recitations. 
No separate science lecture rooms or science 
recitation rooms are required as auxiliary 
rooms to the regular laboratories. This 
arrangement presumes an organization and a 
method of teaching in which individual 
laboratory work, recitation, demons~ration, 
and discussion are integrated into one con-
tinuous process, each phase of which is sub-ject to the direction of the instructor in 
charge without regard to the limitations of 
time, period or available facilities such 
as prevail when recitations and demonstra-
tions are conducted in lecture rooms on 
stated days of the week and laboratory 
exercises are conducted in special labora-
tories on other days.• 
Long,3 p. 524. 
"For the 100 or lese enrolment group of high 
schools, representing 58.5 per cent of all 
the regular four-year high schools, the 
arrangement and layout for one laboratory• 
as shown in Figure a. 
Carl v. Gruhn and Merten Hasse, op. cit., pp. 47 and 4~1 
2F. w. Hart and Willard E. Givens, op. cit., p. 435. 
3Raymond v. Long, op. cit., p. 524. 
• • • • • • • • • • • • • • • • • • • • • • • • • • 
"The 175~200 student enrolment group of schools 
will require essentially the same laboratory 
provision described above, and in addition an 
adjoining general purpose room,• (as shown in 
Figure 4} "The general purpose room is so called 
because it should be an adjunct to the labora-
tory, and should also adequately accommodate 
high~school recitations, other than science. 
It should be equipped to act as overflow for 
general science and biology, and flexible 
enough to serve other school purposes.• 
• • • • • • • • • • • • • • • • • • • • • • • • • • 
"The enrolment group of 500 and up can justify 
special equipment for the different sciences. 
However, for the 500 to 700 enrolment groups, 
it is doubtful if we can justify special equiP-
ment for more than two laboratories, one for 
chemistry and one for biology.• (as shown in 
Figures 5 and 6) 
Mattern,l p. 443. 
"In small high schools the classroomand 
chemioal laboratory are often combined in 
one room. This is done ~ providing space 
at one end of the room for an instructor's 
demonstration table and for table arm-chairs 
for the class, or by using the special type 
of furniture described below.• Figures 9, 
10 and 11. 
•This classroom space in eaoh laboratory is 
a decided educational advantage because of 
its convenience, and has been adopted in 
many large schools. The instructor may stop 
individual work at any time and assemble his 
class for instruction or demonstration.• 
Meister and Hethershaw,2 p. 285. 
"Partly for the sake of economy and partly 
from the point of view of certain educational 
advantages, there is a growing tendency to 
combine classroom and laboratory. 
lL. w. Mattern, op. cit.f p. 443. I 
2Morris Meister and Lill1an Hethershaw, op. cit., p. 28 
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"In general two distinct types of combination 
rooms have developed. (a) The Additive Type. 
Here a room one and one half times as large 
as the usual classroom is fitted up so as to 
provide armchairs or tables at the other end. 
In this arrangement there is room 6 usually6 for only twenty l~boratory positions. The 
plumbing and furnishings are adapted from 
those ordinarily found in classrooms and 
laboratories. (b) The Functional Type. 
Here, the pupil tables are built and arranged 
so as to enable a class to recite, watch 
teacher demonstrations, or do individual 
work, as the occasion may demand. The 
pupils' position is fixed at all times; all 
facilities are provided him within arm's 
reach." 
Monahan, 1 p. 30. 
"New buildings are being erected without 
the lecture rooms and provisions for reci-
tations and class demonstration is included 
in each laboratory.• 
Mona.ha.n 6 2 p. 4. 
"A lecture room is convenient but it is an 
expensive room 6 not only because of the 
space occupied but because used relatively 
little of the time. Studies show that 
with this arrangement the lecture room is 
usually vacant from 50 to 75 per cent of 
the hours schools are in session. 
"Classroom space in each laboratory is a 
decided educational advantage because of 
the convenience. The instructor may stop 
individual work a. t any time and assemble 
his class for instruction or demonstr~ 
tion. He also has a place available where 
the more rapid students when they have 
completed their experiments, may sit and 
write up their notes or study, out of the 
way of others who are working and still 
under his observation.• 
lA. c. Monahan, "Equipping the Science Laboratory.• 
!school Executives Magazine, XXXXIX(September,l929), p. 30. 
1 
- ~A. c. Monahan6 Laboratory -LayoutS For the Hi~ school 
Sciences. Bulletin of U. • Bureau of Education No 22 P• 4. 
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Monahan, 1 p. sz. 
•It may be said that it is no longer thought 
necessary to have separate "lecture rooms" 
for high school science classes except per-
haps in the very large schools where labora-
tories and lecture rooms are both in almost 
constant use. They are being discarded be-
cause it is found, in the great majority of 
schools, that they are not used constantly 
enough to warrant the cost, and particularly 
because space in the laboratory itself for 
demonstration-lectures on the part of the 
instructor and for recitations is a decided 
educational advantage. The instructor may 
stop individual laboratory work at any time 
that he finds that the students need in-
structions, he can assemble them quickly in 
the apace provide~ in the laboratory.• 
Monahan, 2 p. 296. 
•Except in the very large bigh school, a 
separate lecture or demonstration room for 
science work is not essential, and it is not 
to be recommended unless there are enough 
classes and sections to keep it in constant 
use. A better plan is to have apace at one 
end of the physics and chemistry laboratories 
for class demonstrations and recitations. 
This means apace for an inatructor!a lecture 
table and for table arm chairs for the class. 
A better plan is to install a type of labora-
tory table which may be used for seated pupils 
doing desk work or at recitation or watching 
a demonstration, and for standing pupils 
doing their regular labora tory experiments." 
Powers,3 PP• 344 and 345. 
"Most acceptable practices in the teaching of 
general science seem to demand that the room 
be furnished with a well-equipped demonstration 
desk, and movable tables at which the students 
lA. c. Monahan, •Permant Equipment for High School 52 
Sciences.• School Science and Mathematics,XXXI(January,l931) p. 
,I 2A. o. Monahan, "The High School Science Laboratory. 
~he American School and University. Firat Edition, p. 296. 
3s. R. o-wer-a, "~"The Selection and ~urclra.se of Equipment 
and Furnishings for Laboratories.• The American School And 
University. Second Ed., pp. 344 and 345. 
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may sit during demonstration and class dis-
cussion and at which they may work on assign-
menta, problema or projects Which require 
either book work or the manipulation of 
tools or laboratory apparatus.• 
. . . . . . " . . . . . . . . . . . . . . . 
"The room set apart for biology should be a 
combined classroom, laboratory, and museum.• 
• • • • • • • • • • • • • • • • • • • • • • 
"Three distinct types of laboratories are 
recognized for chemistry and physics• •••• 
"Common practice finds the Lincoln type and 
the divided room about equally in favor for 
the small to medium-sized school. In very 
large schools the separate laboratory and 
classroom are preferred." 
Seubert,l p. 217. 
"Where laboratories were used solely for 
experimentation, today they must also serve 
for recitation and frequently for home 
rooms. And with the trend towards aboli-
tion of fixed laboratory periods, the 
instructor using any period for experimen-
tation to keep step with recitations, the 
equipment must be such as to allow for the 
change with leas confusion and loss of time. 
The laboratory now is the center of all work 
in that science - recitation experimentation 
and reference reading. With new developments 
in methods of teaching come new developments 
in design and arrangement of equipment.• 
Shigley,2 p. 69. 
"The department illustrated {Fig. 13) con-
sists of one large room 40 1 x 22' and two 
smaller rooms. • • • • • • • For all labor~ 
tory activity the pupils work at laboratory 
tables • • • • For recitation the chairs 
placed between the instructor's desk and 
the pupils' tables are used. At all times 
this laboratory is therefore in close asso-
ciation with the recitation. T.he practical 
is linked with the theoretical; doing with 
~A~thur Seubert, op. cit., p. 217 
2Arthur R. Shigley, op. cit., P• 69. 
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learning. No artificial separation of theory 
and practice occurs. The pupils seated in the 
chairs moreover are close enough to the in-
structor to observe what he is doing and to 
observe and record thermometric readings 
and osmotic action. 
• • • • • • • • • • • • • • • • • • • • • • • 
"In CDntrast to the idea. prevailing twenty 
years ago that usually called for a lecture 
room in connection with the laboratory, the 
plan outlined here is more nearly in line 
With the modern educational tendency and 
brings together thinking and doing. Sound 
pedagogy dictates that these should be as 
closely coordinated as possible. School 
rooms should not be planned to divorce 
theory and pradtice. Yet that is exactly 
what has been done in hundreds of cases." 
Strayer and Engelhardt,! pp. 43-51. 
Advocate for all sciences a combination 
classroom and laboratory. 
The above authorities agree that for a small high 
school and a medium-sized high school a combination classroom 
and laboratory is the moat economical and efficient. The only 
occasion in which a lecture room is feasible today is in the 
case of the large city high school where such a room can be 
used throughout the school day. 
The table following shows the distribution of science 
laboratories as to the arrangements used. (1) The lecture room 
method, (2) the armchairs at the end of the laboratory and, 
(3) the combination laboratory and recitation tables. 
---- lstrayer and Engelhardt, op. cit., pp. 43-51. 
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Enrollment l a 3 TOtal 
Up to 649 13 ao a4 57 
65()...1999 a3 19 35 77 
2000 and up 12 8 15 35 
II 
Totals 48 47 74 169 
The same table as the above with the numbers in each 
jlabora.tory expressed a.s pe roenta.ges of the total number report-
ing in each enrollment group. 
Enrollment l 2 3 
Up to 649 2a.a 35.1 42.1 
650-1999 29.9 a4.7 45.4 
aoo and up 34.3 22.9 42.8 
In these tables the enrollments have been divided into 
!groups that represent in a degree the small high school, the 
medium-sized aity high school and the large city high school. 
The tables clearly indicate that of the different seating 
/arrangements the new type of combination laboratory and reci ta-
t ion room is most common. Of seating arrangements l and a 
jit is interesting to note that as the lecture room became JDDre 
common in the large high schools the armchair recitation 
section (a) tends to decrease in number at about the same ratio 
and the combination laboratory plan (3) remains relatively 
loons tant in all enrollment groups. 
Even in the large city high schools where a lecture 
1room can be used most economically we find the newer type 
laboratories being installed. Chemistry and Physics are the 
j subjects most commonly indicated as the ones using the lecture 
room for recitation and demonstr~tion. 
45 
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Comments written on the returns by the science depart-
ment heads show that seven recommend the separation of the 
laboratory and recitation room. TYPical comments were: "Would 
make every attempt to have a separate recitation room"; •I 
believe the laboratory should be a separate room so that pupils 
might make use of it during the day if they have study periods.• 
However three report that they would suggest combin-
ing the laboratory and lecture room. The comments were: •one 
large combination recitation room and laboratory with large 
demonstration and lecture table separating them and with seats 
in recitation room on gradual rise towards rear•; "All agree 
that the best plan is to use the same room for recitation and 
laboratory•; "I would have seating arrangements for the class 
at the front of the room, raised if possible for better view 
of demonstration.• 
SERVICE ROOMS AND STORAGE FACILITIES 
storage facilities for the delicate physical apparatus 
is important particularly when the laboratory is to be used for 
both chemistry and physics. If the people planning this type 
of laboratory do so in order to economize it would seem that 
they should be generous enough to provide adequate separate 
storage facilities. 
The following standards set up by the leading educators 
show that they are unanimous in recommending adequate storage 
facilities as a prerequisite to good laboratory work. 
Massachusetts Report,l p. 14. 
•Another part of the laboratory equipment, which 
is important but which is too often neglected, 
is the apparatus cabinets. These should be pro-
vided with sliding doors equipped with ball-bear-
ing sheaves moving freely on steel tracks. They 
can be made with doors Which are well-Digh dust-
proof and should be provided with adjustable 
shelves." 
Byerley,2 p. 59. 
•There should be provided for each combination 
science laboratory and additional adjoining 
room which can be used as a combination work-
shop, darkroom, and storeroom. This room should 
be about 12 feet by 20 feet by 24 feet. The 
elimination of the so called lecture room will 
often make possible the inclusion of the much 
needed workshop and storeroom." 
Ca.rnes,3 p. 51 
•The following recommendations are made: 
1. That in especially damp laboratories, 
special containers be provided for 
the chemicals and other supplies. 
lReport on uipment, Apparatus and Materials 
U". Ro 1 Byerley, op.-cl t., p. 59. 
3Carl c. Carnes, op. cit., p. 51 
for 
op. 
Teach 
cit., 
l 
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a. That special cabinets be provided With 
sliding glass doors for the more sensi-
tive and expensive apparatus. 
3. That a special stock room be provided 
for the general and less expensive 
apparatus. 
4. That above all, the space provided be 
adequate to elimina~e the crowding of 
apparatus and glassware, which results 
in breakage.• 
Carpenter and Watkins,l p. 308. 
One-third of a standard classroom (30' x 22i 1 ) 
will "be divided into two equal areas by run-
ning a non-bearing wall, with glass windows 
in the upper one-half for indirect lighting, 
at right angles to the center non-bering wall. 
Each of the smaller areas will be 11 by 10 
feet. That nearest the corridor can be used 
for storing chemicals and such equipment and 
supplies as are not affected by fumes. The 
area with the windows can be used as a prepar-
ation room and storeroom for apparatus which 
is affected by fumes.• 
Gruhn and Hasse,2 p. 48. 
"A stock room 6 1 x 22 1 was built into a por-
tion projecting into the wall ••••• The 
stock room has two large cupboards, w 1 th 
doors and drawers for storing physics equip-
ment and also a small work table." 
Long,3 PP• 524 and 525. 
"The laboratory for 100 students or less need 
not be provided with a storage room, but this 
is highly desirable. Ample storage can be 
found in the wall cases, but where a laboratory 
is to be used for such a variety of purposes 
as in the smaller high school, these cases 
will be found necessary for storage purposes.• 
Iw. w. Carpenter and Ralph Watkins, op. cit., p. 308 
~Carl v. Gruhn and Merten Haase, o~. cit~~ p. 48. Raymond V. Long, op. cit., pp. 5~4 and o45. 
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"There should be provision for chemical storage 
separated from other storage space, such chemi-
cal storage to be ventilated with a masonry-
lined duct; also for space, ae shown in Figure 
2, for general storage purposes for all the 
sciences that are to be taught; also for a 
germinating bed, desirably located beneath 
the window in the storage room." 
Mattern, 1 p. 442. 
"This is a place where economy of space should 
not be too severely exercised, as supplies and 
their administration form an important factor 
in chemical instruction. This room should 
open into the laboratory, with a split door 
so that the upper part can be opened while 
the lower p~rt with a table board on top is 
closed; or, better, it should have a window 
through which supplies are issued." 
Meister and Hethershaw,2 p. 286. 
•one common practice is to plan a group of 
science rooms around a central storeroom. 
rn very large schools where several store-
rooms are available, a less centralized 
arrangement is possible. Often the store-
room is combined with or adjoins the prepar-
ation room. Though the praotiee varies 
widely, the average area devoted to prepar-
tion and storeroom is about 20 percent of 
the total laboratory space.• 
Monahan,3 pp. 9, 11 and 14. 
"One balanced shelf or table, a· feet long and 
24 inches wide, is sufficient for the high-
school laboratory. Cabinets must be provided 
for the storage of apparatus and chemicals 
unless a supply room is provided.• 
;~. w. Mattern, op. cit., p. 442. 
-Morris Meister and Lillian Hethershaw, 
~ - A. c. Monanan, Laboratory Sciences. Bulletin of u. s. Bureau pp. 9, 11 and 14. I 
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"The physics laboratory must be equipped with 
cabinets for apparatus and supplies, unlews a 
convenient storage room is provided." 
• • • • • • • • • • • • • • • • • • • • • • • • 
•Cabinets for specimens, and also for apparatus, 
chemicals, and other equipment are necessary 
unless a storage room is provided.• 
Monahan,l p. 300. 
•storage space for apparatus and supplies is of 
course essential. In a new building a storage 
room should be built adjacent to the laboratory. 
A 12 x 12-foot room is large enough for any of 
the four sciences in the small and medium high 
school. The chemical storeroom should be 
separ~te from that for the physical apparatus. 
Chemicals, glassware, porcelain, etc., may be 
placed in the same room, but physics apparatus, 
and b~lances and other apparatus used in 
chemistry should be put by themselves where 
chemical fumes will not reach them. 
•certain pieces of apparatus should be put 
out in the laboratory where students can get 
them easily. These are beat kept in storage 
cabinets with glass sliding doors. The 
cabinets must be well built, using all the 
precautions used in building laboratory tables. 
Chemical-resisting locks must be used so that 
the instructor may safeguard against stealing." 
Powers,2 P• 346. 
•In addition to l~boratories there is need 
for a room or rooms which should be combina-
tion preparation and store room. Medium-
sized and large schools will require at least 
two such rooms-one for general science and 
biology, and one for physics and chemistry. 
Furnishings and equipment should include 
benches and tools for wood and metal work. 
The service to the room should include gas, 
water, electricity and air pressure for a 
blast lamp. Air pressure may be supplied 
by means of a foot bellows." 
~A. c. Monahan, "The High School Science Laboratory.• 
The American School And University. First Edition, p. 300. 
29. R. Powers, op. cit., p. 346. 
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Seubert,l p. 220. 
"A storeroom adjoining the (chemistry) laboratory 
provided with shelves solves the apparatus storage 
problem very well but at least one gpod closed 
case should be used for chemical storage to 
prevent excessive corrosion of chemical hardware 
and the "smoking" of glassware.• 
• • • • • • • • • • • • • • • • • • • • • • • • • 
•Good apparatus deserves good storage cases. 
Physics apparatus costs most, and therefore 
should have good care. A store room adjoining 
the laboratory, alae all too frequently becomes 
a junk room. All instructors at some time or 
other are caught in a jam, the tendency then 
being hastily to remove the apparatus to a 
storeroom shelf, to be later put away. That 
frequently is the beginning of a bad habit. 
Good gla a cas along the walls of the labora-
tory Will ensure care and neatness by students 
and instructors. The first cost of oases will 
soon be saved by the longer life of the appara-
tus. Well-kept apparatus holds the respect of 
all; keep it outside in full view in good cases 
that are kept olean, so that students can see 
it (not necessarily handling it) and not have 
it put out of sight as soon as that particular 
experiment is performed." 
Shigley,a P• 71 
"In the storage room (Figure 13) there is 
ample space for experiments in photometry 
and photography, and in this room is also 
placed shelving and chemicals." 
Stogsdill,3 P• 344. 
•The storeroom wall is lined with drawers and 
cupboards. The drawers occupy the apace up to 
about 34 inches above the floor, and shelves 
with glass doors rise about 6 feet higher. The 
rest of the space to the ceiling is filled with 
shelves with wood panel doors, used for storage. 
In the center of the storeroom is a large movable 
table, which is called an apparatus or assembly 
table. Across the north side of the room is a 
work-bench and repair table, below which are 
drawers with tools used for general work of all 
---
-rArtbur S8ubert-;-op-;- crt., p.- azo- ----
2Artbur R. Shigley, op. cit., P· 7rl B~ ton University-
3J. W. E. Stogsdill, op. cit., P• 344. School of iucation 
Library 
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kinds • A"bove the work "bench are ..outlets for 
200 three-phase, 110 ~c, 6-12, 110 d-e an~ 
gas. These outlets are very handy in checking 
any pieces of electrical apparatus and for 
making connections for optical benches, etc. 
Also, on the east end of the work-bemoh, is 
a oa"binet containing several rows of small 
drawers used for nails, screws, rivets, 
w~shers, chains, etc.• 
Strayer and Engelhardt,l pp. 46 and 51. 
Genexal Science and Biology storeroom. 
"Arranged so as to be under the control of 
the instructor. Well provided with artifi-
cial lighting. Equipment will consist of 
work ta"ble, wall storage oases with rolling 
ladder for convenience in reaching materials 
on high shelves.• 
. . . . . . . . . . .. . . . .. . . . . . . . 
Chemistry Laboratory storeroom. •This may 
be connected directly with the instructor's 
room and may be of any co~enient shape. 
Its equipment should consist of work tables 
with acid-resisting top and soapstone sink 
and gas connections. Storage cases should 
cover all available wall space with rolling 
ladder for convenience in reaching material 
on high shelves.• 
A study of the above standards clearly indicates that 
the storage room should "be included in the laboratory plan. 
It appears that from one-fifth to one-fourth of the laboratory 
floor space is devoted to storage room, preparation room or 
dc:&.rkroom. 
The figures compiled from this study show that the 
new layouts for science laboratories include in a9% of the 
cases some provision for a storeroom. The figures obtained 
as a result of the su:rvey were as follows: 
lGeor ge Drayton S rayer and- N-. L. Engelhard --; -
op. cit., pp. 46 and 51. 
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Physics 
Chemistry 
Storeroom 
79 
100 
Cabinets 
49 
30 
The conclusion to be drawn from these figures is that 
there is an improvement as far as storage is concerned. Of 
all the comments received complaints relative to storage were 
the moat common. In nine oases the science teachers requested 
ore storage space. Frequent comments were: "Larger storage 
space for equipment and supplies"; "I would plan for more 
adequate and more accessible apparatus and supply storage•; 
•Inadequate wall cabinets•; "Larger storeroom"; "More store-
room"; "Out chemical stockroom is 12 x 8 feet with shelves to 
the ceiling- it should be twice as large.• 
These comments would tend to show that even though 
new schools do provide storage rooms, in most cases there is 
still a need for better and larger facilities. The educators 
are unanimous in recommending storage space, the architects 
designing the buildings acknowledge the need for storage space 
by providing for it and the teachers show the utility of the 
space by asking for more space. 
FUME HOODS 
The matter of fume hoods in the laboratories is a 
problem that is much discussed by all people concerned. The 
\number provided in each laboratory is consequently subject to 
great variation. 
The authorities in the education field have these 
comments to make with regard to the matter of fume hoods. 
Laboratory Equipment for Illinoia,l p. 26. 
"Every chemistry laboratory should be provided 
with a fume hood vented by mechanical means. 
An ordinary electric fan will not serve the 
purpose of mechanical ventilation." 
Carpenter and Watkins,2 p. 308. 
"All three of the rooms should be connected 
with special ventilating devices to remove 
fumes and odors, in addition to the provision 
for the hood at the instructor's demonstration 
desk." 
Dunbar and Shult,3 pp. 919-922 
11A study of sixteen high-school chemistry 
laboratory manuals, including 1960 experi-
ments, reveals that there are only 102, or 
5.2 per cent., of the exercises that require 
the use of fume hoods.• 
• • • • • • • • • • • • • • • • • • • • • • • 
"Any one familiar with any typical manual 
recognizes that many of the above ~sea are 
frequently generated in extremely small 
amounts, usually in teat tubes for one 
single teat, a.nd then the cont ente of the 
test tubes are immediately emptied into the 
drain with a QP1ous flow of water.• 
lJohn A. Wieland and J. Roy Byerley, op. cit., p. 26. 
2w. w. Carpenter and Ralph Watkins, op. cit., p. 308. 
-- ~Ralph E. Dunbar and Leland o. Shult •Necessity of 
Fume Hoods for High School Laboratories." Journal of Chemical 
Education, IX(May,l932), pp. 91~922. 
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• • • • • • • • • • • • • • • • • • • • • • • 
"There are alao many other methods by which 
these gases can be handled successfully in 
the laboratory without the use of fume hoods.• 
These gases can be dissolved by counteracting 
agents.• 
• • • • • • • • • • • • • • • • • • • • • • • 
"Instead of having large generators for the 
production of these offensive gases in cases 
where they are very poisonous to the workers, 
the gases can be generated directly in small 
bottles where the teats are to be made and 
kept in them until used.• 
• • 11 • • • • • • • • • • • • • • • • • • • • 
•This study seems to reveal little if any justification for the purchase and installa-
tion of fume hoods for high-school laboratory 
work in chemistry if the courses offered are 
to be cased upon any of these sixteen typical 
high-school manuals, especially if the coat 
of such hoods is excessive. Likewise, since 
all gases listed except ammonia and carbon 
monoxide are heavier than air, some system of 
forced ventilation should be provided if such 
hoods cun be procured with the finances avail-
able and are to operate efficiently.• 
Gruhn and Hasse,l p. 49. 
•A ledge along the windows, on one side of 
the room, provides space for general reagents, 
chemicals, and apparatus to be supplied to the 
student for any s1 ngle experiment, as well as 
provided a space for generating pungent or 
obnoxious gases which can be let out through 
the windows by means of a delivery tube when 
a generator is temporarily not being used." 
2 Hoover, p. 342. 
•For the removal of objectionable fumes, 
relatively small individual down-draft hoods, 
properly designed, are preferre by a slight 
majority of chemists for elementary classes •• 
• • • An arrangement of full-sized open hoods 
Carl V. Gruhn and Merten Hasse, op. cit., p. 49 2c. R. Hoover, op. cit., p. 342. 
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on the wall ends of l~boratory tables has been 
found to be satisfactory for elementary classes 
in some laboratories. The open type of hood 
with properly proportioned baffles, or slots, 
both at the top and at the bottom, is now most 
commonly used." 
Korff,l p. 4a. 
"A fume hood of ample size with working surface 
of soapstone is installed in the corner of this 
room, near the teacher's desk.ft 
Long, a p. 525. 
"The necessity for a fume hood is a mooted 
question. It is recommended that provision 
be made for a fume hood in all chemistry 
laboratories where the enrollment is 100 or 
over." 
Mattern,3 P• 441. 
"Hoods~The ventilation system supplying fresh 
air for the laboratory should be passed on by 
an engineer competent in such matters, for it 
is very essential to a good high school labora-
tory that the ordinary fumes be removed quickly 
and plenty of fresh air supplied to the students. 
In addition, fume hoods are necessary for certain 
experiments. One a-foot hood for every six 
students is satisfactory. 
"High school chemistry teachers seem to favor 
one suction fan for all hoods. This is placed 
in the attic and is controlled by electric 
switches in the laboratory. Hood bottoms in 
order of preference are soapstone, built-up 
wood tops similar to the table tops, lead and 
tile. The various materials used for ventilat-
ing flues are stoneware, lead, painted sheet 
iron, Russian iron, tin well-painted, and 
tile.• 
lAlfred M. Korff •one District Solves High School 
r roblem.• The Nation's Schoola,XVIII(August,l936}, P• 42. 
2Ra~ond v. Long, op. cit., p. 525. 
3L. w. Mattern, op. o~t., p. 441 
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Mona.han~l P• 9. 
"The number of chemical fume hoods for the 
high-school laboratory depends to a large 
measure on the general ventilation system 
of the building and the room itself. If 
the building has a good system of supplying 
fresh air~ and a gravity or plenum exhaust 
system for the removal of impure air, one 
6 foot hood is sufficient. If the room 
has poor ventilation, additional work must 
'be done under hoo de~ and two 6- foot hoods 
are desirable. These hoods are connected 
to a chimney~ and draft is assisted by gas 
'burners in the upper part of the hood~ or 
better, by electric exhaust fans.• 
Seubert,2 p. 220. 
•Fume hoods are a much mooted question; 
the trend still is toward one or two, pro-
vided with positive draft, but the old-
time long banks of hoods are no longer 
used for high school chemistry. Good 
room ventilation and omission of most 
of the "bad" experiments have eliminated 
the necessity of any hoods.• 
Shig~ey,3 p. 70. 
•The corridor wall •••• contains the 
chemistry hood (e) and as it is near the 
front of the room it is unnecessary to 
provide a. hood for the instructor's desk. 
It is built with a cement base and all 
necessary connections and operates through 
an exhaust fan. Sliding doors fitted With 
wire frame glass are kept closed when the 
hood is not in use. The lower section is 
used for storing ring stands and other 
accessories.• 
!Laboratory Layouts For the High School Sciences. 
Bulletin of u. s. Bureau of Education No. 22., p. 9. 
-2Arthur Seubert op. cit. p. 220 
3Arthur R. Shigley, op. olt., p. ~o. 
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Strayer and Engelhardt,l pp. 50-51. 
•There should be at least four of these hoods 
in the chemistry laboratory. The work surface 
of one of them may extend into the instructor's 
room and become working surface of the hood in 
that room. These hoods should be as conveniently 
located as possible for the use of all students 
coming from their laboratory desks. One fume 
hood should be located in close proximity to 
instructor's table. The working surface of a 
fume hood should be of stone. Lifting sashes 
should be counter-balanced. The top of hood 
should be lead-coated iron. Sashes and ends 
of hood should contain double-strength glass. 
Gas and water connections should be provided.• 
Science Education Committee, 2 pp. 60-61. 
"In the chemistry laboratory there should be 
a fume hood consisting of at least five unite, 
and in this laboratory, or the preparation 
room adjoining it, a water still should be 
supplied along with ample storage cases, and 
a wall table supplied with water, gas and 
electricity.• 
Wright,3 pp. 421-422. 
"Wa ll Fume Hoods - The installation of the 
correct type and size of fume hood is an item 
of major consideration in order to insure 
removal of poisonous and obnoxious fumes 
from th~ laboratory. The type of baffle 
construction selected will depend entirely 
upon conditions of use and the desires of 
the individual instructor. 
"Fume hoods constructed from soapstone are 
highly resistant to fumes. However, the 
great weight and bulk of soapstone hood 
is disadvantaaeous. 
lGeorge Drayton Strayer and N. L. Engelhardt, op. cit., 
pp. 50-51. 
2•summary of the Report of the Committee on Laboratory 
Standards in Secondary Schools.• Science Education, XVIII 
(February 1934)~ pp. ~61 ~illiam Albert Earl Wright "Laboratory Ptannin an~ 
Equipment." School Science and Mathematics,XXXIX May, ~939}, 
pp. 421-422. 
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"Fume hoods constructed from chemical impregnated 
asbestos material have been recommended by 
certain manufacturers principally because of the 
fact that hoods constructed from this material 
are lighter in weight. Aesthetically minded 
instructors would probably prefer chemical 
resistant impregnated asbestos material framed 
with metal which has not been coated on both 
sides with hot lead and finished with an enamel 
highly resistant to acids, alkalies, and solvents. 
Metal framed impregnated asbestos hoods afford 
structural strength with light weight and permits 
easy moving and re-locating at any time desired. 
"Kemite offers great possibilities for hood 
construction ~s soon as manufacturing diffi-
culties are overcome and it is possible to 
produce slabs of sufficient size to be prac-
tical for hood construction. A hood con-
structed of Kemite and frame with metal which 
has been coated on both sides with hot lead 
and finished with an enamel highly resistant 
to acids, alkalies, and solvents should prove 
to be light in weight, and present a pleasing 
appearance in addition to its non-corrosive 
properties. 
"Wood fume hoods are obsolete and are not 
recommended by leading manufacturers. Wood 
fume hoods may be secured if desired. Warpage 
and expansion is encountered to same extent. 
It is more difficult to keep wood fume hoods 
in good condition than fume hoods oonstructed 
from certain other materials. 
"Regardless of the material selected for 
construction of the superstructure, safety 
glass should be specified for the sashes and 
hood ends.rt 
The authorities, with the exception of Dunbar and 
Shult, and Gruhn and Hasse, seem to consider a fume hood an 
essential part of the laboratory equipment. Several go further 
and mention that three or four hoods are preferable to only one. 
The report made by Dunbar and Shul t shows that fume hoods are 
!rather an expensive piece 6f equipment when measured by their 
util.Lty.. -=---=---- -~-
1 
II 
II 
II 
I 
59 
In this study one hundred and eight replies were re-
ceived to the question relative to the fume hoods. Eleven cases, 
or 10.2%, report that their laboratories are not equipped with 
hoods. Thirty six, or 33 1/3%, replied to the effect that they I 
II 
have one fume hood in the laboratory. In the accompanying 11 
!table it will be noticed that the ra.nge is from no hoods to 
t hirty-five hoods in the case of a high school of slightly over 
1500 pupils With 828 registered in the science department. In II 
t nis latter case the hoods were a part of the student laboratory 
tables but were removable. 
The accompanying table indicates that the prevailing 
1practice is still to provide fume hoods but the modern tendency 
!appears to be to restrict the number to one or two. 
~~ In regard to the position of the fume hoods in the 
labor a tory eighty-one, . or 83. 5%, report that the hoods are 
located on the wall. Sixteen, or 16.5%, report that their hoods 
la.re placed either on the instruotor 1 s demonstration table, or 
lon the students 1 laboratory tables. From this it would seem 
!that the modern tendency is to equip the laboratory with a wall 
hood available to all who use the laboratory. The schools 
having one or two hoods make up 51.8%, of the cases, or a 
little more than half. 
--
---
I 
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TABLE VI 
Distribution of the Number of Fume Hoods Provided 
Number of Hoods Number of Schools Percentage 
0 11 10 .. 2 1 36 33.3 
a 20 18.5 
3 6 5.6 4 14 13.0 5 l 
.9 6 5 4.6 7 1 
.9 8 2 1.9 9 a 1.9 10 1 
.9 11 0 
12 2 1.9 
13 
14 
15 
16 
17 
18 1 
.9 
19 
20 1 
.9 
21 
22 
23 
24 1 
.9 
25 
26 
27 
28 
29 
30 
31 
32 2 1.9 
33 
34 1 
.9 
35 1 
.9 
108 100.0 
Comments written on the replies by the instructors 
answering them were as follows. A small school of one hundred 
and fifty pupils provided with two fume hoods in the laboratory 
has an instructor who recommended "more hoods for chemistry.• 
Another school of under four hundred enrollment with no hoods 
has a teacher who likewise requests "fume hoods in the chemistry 
laboratory; cross ventilation in the chemistry laboratory." 
Still another teacher comments "I don't feel that a hood is 
l worth the investment and its room". Three teachers stated 
that their laboratories were all right with the exception of 
the fact that the fume hoods were no gpod due to the lack of 
blowers. 
I 
I 
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LABORATORY FURNITURE 
The furniture suggested for the science laboratories 
by the leading educ~tors and scientists is of a wide variety. 
Some idea of this Wide disagreement is shown by the recommen-
dations that follow. 
Byerley~l p. 61 
"Generally speaking~ science furniture should 
be purchased from factories specializing in 
making laboratory furniture. Science furniture 
must be well constructed, and its construction 
involves many problems not understood by anyone 
except those who have made a special study of 
the subject ••••• 
"The combination laboratory tables should be 
suitable for the science or sciences taught 
in the room. Table space should be about 
2 1/2 linear feet per pupil. It is desirable 
to have the pupils sit on one side of the 
table so that they Will all face the same 
direction. This is possible if the room is 
equipped with the proper type of table. 
"THere are many standard types of combination 
laboratory tables in general use. The Lincoln, 
the Horace Mann~ or a similar type of table is 
frequently used. It is sometimes also called 
the Aeroplane or Multi-Service table. It 
consists essentially of a long cabinet with 
wing tables extending out from each side. 
One student works at each wing.• 
Massachusetts Report,2 p. 10. 
•An inspection of recently built school labora-
tories has shown certain clearly defined ten-
dencies in regard to laboratory furniture. For 
example~ the laboratory table-tops for physics~ 
biology, and general science are usually made 
of wood and are from 1 1/2 to 2 inches thick. 
These tops are constructed of strips of hard 
birch 3 to 4 inches wide put together with a 
glued tongue-and-groove joint and usually 
lJ. Roy Byerley~ op. cit., p. 61 
2Report on Equipment, Apparatus, and Materials for 
Teaching Science in the Secondary Schools of Massachusetts, 
op. cit., p. 10. 
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re-enforced with an iron bolt. They are treated 
on the under side with a paint capable of resist-
ing moisture and acid1 and on the upper side with 
a standard black acid-proof finish which leaves 
a surface that furnishes high resistance to acid, 
alkali 1 and heat. Some te~chers prefer a wooden 
top finished in the natural color instead of in 
black; or a heavy built-up wooden top on which 
is glued down the best grade of inlaid linoleum. 
The linoleum keeps ita dull green or brown color 
and does not require refinishing. But this kind 
of table-top is not suitable where chemical 
corrosion is liable to occur. Therefore. for 
chemical laboratory table-tops either the acid-
proof wood or soapstone is generally used. 
Occasionally tile 1 glass, or even slate has 
been used for chemistry tables. but the well-
made acid-proof wood top is more commonly pre-
ferred. • 
Glenn, Finley and Caldwell 1 l pp. 161 23, 31 
"The tables are arranged so that the students 
face the demonstration table. They are 30 
inches high, 22 inches Wide, and 9 feet 1 3 
inches long. Each table aocommodates four 
pupils, and the room is equipped with six 
such tables. 
. . . . . . . . . .. . . . . . . . . . . . . . 
• ••• The room contains six movable students' 
tables located in the rear of the room. Each 
table is 30 inches high 1 42 inches wide, and 
72 inches long. • • • • Each table is equipped 
With four stools which are adjustable. 
• • • • • • • • • • • • • • • • • • • • • • • 
"The laboratory desks were designed especially 
for this room and are of a new type. • • • • • 
The table is designed so as to serve as a 
classroom desk or as a laboratory table for 
individual work. The following are features 
of thi a design: 
a. Students face the instructor, are 
separated from each other 1 and are 
provided with working and storage 
facilities required according to 
modern laboratory practice. 
lEarl R. Glenn and Charles w. Finley and Otis w. Cald-
well. A Description of the Science Laboratories of the Lincoln 
School of Teachers College, pp. 16, 23, 31. 
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b. The working table space per pupil is 
somewhat greater than that of the 
usual laboratory design. 
c. By sliding the chair under the trans-
verse member of the table the class-
room is immediately converted into a 
laboratory for individual experimental 
work. Students stand most of the time 
but can be seated comfortably at any 
time. 
d. Gas, water, and electricity outlets 
are provided in convenient positions 
on the table top where they may be 
used or inspected at any time by 
student or teacher. 
e. All plumbing is accessible. As a 
matter of fact all the plumbing was 
built into these tables after the 
tables were installed in the room. 
• • • • f. The coat of a plumbing installation 
is considerably reduced by providing 
a single floor outlet for gas, water, 
waste and electricity for 12 students 
rather than one outlet for each group 
of two or four students. The table 
which accommodates 12 pupils is 
approximately 24 feet long and has a 
width of 6 feet 9 inches. It is 33 
inches high • • •• " 
Carnes,l p. 51 
"The best furniture is obtained from manu-
facturers who specialize in this field. 
However, in moat cases it has been standard-
ized, and is not always adapted to local 
needs. It has been found that home-made 
furniture does not resist certain destruc-
tive agencies such as acids, alkalies, 
changes in temperature, and moisture, fumes 
of all kinds, and unusually rough usuage by 
the students. As a result, its life is 
about two or three years, while furniture 
of the factory-made type usually lasts the 
life of the building." 
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Gr-uhn and Hasse, 1 pp. 47 and 48. 
"The Biology Room. The biology room is equipped 
with 5 tables 31 in. high, 21 in. wide, and 15 
ft. long, with the legs so spaced that 6 chairs 
are placed behind each table. These are steel 
framed classroom chairs 16 in. high, equipped 
with metal sliders." 
• • • • • • • • • • • • • • • • • • • • • • • • 
"The tables of the chemistry room are 33 1/2 in. 
in height and fitted with special 18-in. chairs 
equipped with foot rests for the comfort of the 
student. This allows the tables to be used for 
ex}:e rimental work with ease as well as academic 
work when the student is seated." 
Hoover,2 p. 341. 
"The work tables or desks for students or 
research use should be covered with an ex-
tremely resistant material; and although 
strong individual preferences are frequently 
met, the hard variety of soapstone, known 
as Alberene, meets with the most widespread 
approval. The height of this work table, 
based upon average measurements, as well as 
opinions, is 37 inches for adults, and 36 
inches for elementary students. Definite 
agreement on the material to be used in the 
construction of laboratory work tables can-
not be recorded at this time. There is a 
pronounced shift from wood to steel in many 
recent laboratories. When properly protected 
in inaccessible as well as exposed places, 
steel furniture offers unexcelled advantages 
for many uses. • 
Korff,3 p. 41. 
"The principal item of equipment is the desks, 
with separate laboratory chairs. Desk tops 
are of black acid-proof construction and pre-
sent a smooth continuous surface, as each sink 
is equipped with a cover. Compartments are 
fitted with master key combination loOks. 
Each sink contains a double pantry-cook, con-
nected with hot and cold water and a gas con-
nection." 
lc-arl - . - Gruhn ana Afer en liasse, op. cit., pp. 47 an 48 
ac. R. Hoover, op. cit., P• 341. 
3Alfred M. Korff, op. cit., p. 41. 
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Long, l P• 525. 
"It is recommended that the multi-service or 
Lincoln type table should be used. This can 
be purchased for approximately $160 to accom-
modate two pupils. The four-pupil table, as 
shown in Figure 3 can be purchased at about 
half this per-pupil cost, but it is neither 
so satisfactory nor so adaptable for general 
purposes and for laboratory purposes as the 
Lincoln type table. The added advantage of 
the Lincoln type table is that it is 33 
inches high, and by using the special Lincoln 
type chair these tables will serve satisfac-
torily for all science work, as well as for 
recitation work in other high-school subjects." 
Mattern,2 pp. 439-443. 
Four tables 12 feet long, 4 feet wide and 3 
feet high, as shown in Figure 7, are recom-
mended for the chemistry laboratory. This 
•provides a working apace for eight students 
at one time on the five-drawer and one-
cupboard plan." 
• • • • • • • • • • • • • • • • • • • • • • 
"Special Forms of · Tables- By the use of 
furniture especially designed for this 
purpose and found satisfactory during the 
past half-dozen years in over 1,000 high 
schools in the country, the student work 
tables may be used for seated work, and 
the separate lecture room or classroom 
apace at the end of the laboratory omitted. 
The tables are made up of T-ahaped units, 
each unit for two students with one sink 
in common. All students face the instruc-
tor's desk. The chairs for the pupils are 
placed under the ends of the transverse 
tables when not in use. The only additional 
spaoe over that necessary in the ordinary 
laboratory is that required for an instruc-
tor's demonstration table. This ~eana 
usually a length from 6 to 8 feet more than 
would be required otherwise.• 
Raymond v. Long, op. cit., P• 525. 
2L. w. Mattern, op. cit., pp. 439-443. 
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Monahan,l pp. 5, a, 9, 14. 
•There are certain features of laboratory 
furniture common to all laboratories. 
"The furniture must be well constructed., 
and its construction involves many points 
not understood by anyone except those who 
have made a special study of the subject. 
It must be remembered that laboratory 
furniture is subject to unusual hard 
usuage. 
•In practice (l) furniture is obtained 
from factories specializing in laboratory 
furniture as a contract separate from the 
building contract but purchased from the 
general building fund, or (2) it is designed 
by the school architect and included in the 
general contract to be built by the con-
tractor or by such millwork shop or 
cabinet shop as he may select. 
•The first method is the one to be recom~ 
mended. The six or eight laboratory furni-
ture manufacturers specializing in this 
product are able to produce a much better 
product than can be produced by others at 
a like cost. Their furniture is made by 
experts whose experience over years 
determines what is best in design, 
material., and construction.• 
• • • • • • • • • • • • • • • • • • • • • • 
A room 38 feet long by 22 feet wide "permits 
the use of three double student tables each 
3 feet high, 12 feet in length, and four 
feet wide, placed crosswise with the room. 
•This is the best arrangement for lighting 
and gives ample room on the inner wall for 
cabinets, balance shelves, and fume hoods 
•••• Each student has a cupboard, one 
large and one small drawer. A trough runs 
the length of the desk to the end sink. 
Water, gas, and electricity are provided 
in open plumbing underneath the lower 
reagent bottle shelf." 
lA. c. Monahan, Laboratory Layouts For the Hi Schoo~ 
Sciences. Bulletin of u. s. Bureau of Education No. 22. 
pp. s, a, 9, 14. 
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• • • • • • • • • • • • • • • • • • • • • • • 
"Much of wha.t has been said relative to the 
chemistry laboratory applies to the physics 
laboratory. For a class of 24 there should 
be provided 6 tables approximately 30 inches 
high and 6 x 3 1/2 feet in size, each for 
four students. Some instructors prefer 12 
or 18 or 24 foot tables for 8, 12 or 16 
students, respectively. The majority seem 
to prefer the 6-foot tables, as each student 
has a corner to himself and may work from 
the side or the end. 
• • • • • • • • • • • • • • • • • • • • • • • 
"In the Lincoln School the laboratories for 
physics and chemistry each provide space 
for 24 pupils. Each table is made up of 
T-sha.ped units, each unit for two students 
with one sink in common. All students 
face the instructor's desk. The floor 
plans shown in Figure 12 indicate the 
general features of the desk. The chairs 
for the pupils are placed under the ends 
of the wings of the table when not in use 
by the pupils. 
•Apart from the shape, these tables differ 
from other forms principally in height. 
They are 33 inches high, 3 inches higher 
than ordinary library tables, and 3 inches 
lower than other chemistry tables. The 
height has proven satisfactory for stand-
ing pupils, and is satisfactory for sit-
ting pupils when a special chair, designed 
to a.ccolllpany the furniture, is used. This 
chair is 2 inches higher than the ordinary 
chair and is equipped with a rail 2 inches 
wide on the front legs on which the student's 
feet may find rest and support." 
Monahan,l p. 31. 
•To provide the possibility of holding 
recitation and demonstrations in the labor~ 
tory two separate arrangements must be made. 
In the biology and general science labora-
tory long tables are provided, running cross-
wise, with provision for pupils on one side 
---~ 1 
A. C. Monahan •Equipping the Science Laboratory.• 
School Executives Magazine,XXXXIX(September,l929), p. 3~. 
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only. These tables need not be over 22 
inches in width, 30 inches in height and 
may be from 6 feet to 18 feet in length. 
Each three feet accommodates one pupil, 
and all face the front of the room, work-
ing either standing or sitting. Stools 
or chairs of the proper height are pro-
vided. A lecture table for the instruc-
tor, from six ft. to 12 ft. in length 
and 3 ft. high runs across the front of 
the room. With this height pupils can 
see the work on it from all parts of the 
room, provided that the room is of the 
usual size, with from 24 to 32 pupil 
capacity. 
"For physics similar tables may be used. 
Most instructors insist upon the two-
pupil tables, six ft. in length, in 
preference to the longer ones. Some, 
however, prefer four pupil tables, 
approximately 4 ft. x 6 ft., because 
in certain experiments, particularly 
with uprights, four pupils work to-
gether. such tables may be used dur-
ing demonstrations and recitations if 
stools are provided. They are however, 
not as satisfactory as the biology 
tables mentioned. 
"A better arrangement for the physics 
1 boratory, and also for the chemistry 
laboratory, is attained by providing 
space at one end of the room for the 
lecture table and tablet armchairs for 
pupils, or through the use of combi~ 
tion type tables.• 
Monahan,l P• 57. 
•Laboratory furniture built by any of 
the companies specializing in this 
type of equipment will coet for the 
four laboratory-demonstration rooms 
somewhere from $3,500 to $6,800. This 
allows for working space for 24 indi-
vidual students in each of the four 
laboratories, an instructor demonstra-
tion-lecture table in each, a six foot 
chemical fume hood in the chemical 
1 
A. c. Monahan · "Permanent quipmen for High -sohoo 11 
Sciences.• School Science and Mathemat1cs,XXXI(January,l931) 
p. 57. 
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laboratory, and chairs for the pupils in 
all. Separated by rooms, the cost for 
furniture is about $780 to $1500 for the 
General Science laboratory, about the 
same for the Biology. $680 to $1,350 
for the Physics and $1,500 to $2,500 for 
Chemistry." 
Monahan,l pp. 296 and 297. 
"For physics laboratories, a 6-foot table, 
3 1/2 ft. wide, is recommended. Each 
accommodates four students working at a 
time. These four-student tables are to 
be preferred to longer tables, as each 
student can wor~ from the front or side. 
• • • • For biology and general science, 
tables 5 feet long and 2 feet Wide are 
preferred. Each is for two pupils. 
While at work, standing or sitting, they 
all face the instructor's table at one 
end of the room. The laboratory is 
therefore suitable for recitation work 
as well as demonstration. Four-student 
tables are often used, similar to those 
used in physics. Twelve-and eighteen-
foot tables ~re also often used, each 
taking care of four or six pupils, all 
facing in one direction. Any of these 
tables may be fitted with cupboards for 
apparatus." 
Seubert,2 pp. 218-220. 
"For biology (and general science) the 
preference still· lies with the single 
sided two student table, 5 feet long, 
with black acid resistant finished top. 
Three such tables placed end to end or 
set opposite fit into present standard 
22 foot room and allow good aisles at 
the sides, with the instructor's demon-
stration desk, fully equipped with water, 
gas, and electric service, located in the 
front, the arrangement serves as a recita-
tion room as well as a laboratory. Allow-
ing a minimum aisle of 30 inches between 
rows of tables, a room 35 feet long Will 
serve a class of thirty students comfort-
ably. 
A. c. Monahan "The High School Science Laboratory" 
The Americ~n School And University, First Edition, pp. 296-297. 
2Arthur Seubert, op. cit., pp. 218-220. 
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•In the Lincoln School of Teachers College, 
Columbia University, the Lincoln type table 
has been developed and widely adopted. Each 
table is made up ol T shaped units, each 
unit for two students with one sink in common. 
For a class of twenty-four, twelve units are 
required, generally placed in two rows length-
wise in the room. More or less units can be 
used depending on size of the class desired 
or units can be added as need arises. Tables 
are 33 inches high (combination height) and 
require a special chair three inches higher 
than standard. 
• • • • • • • • • • • • • • • • • • • • • • 
"The second arrangement widely used is 
similar to that given above for general 
science. The demonstration desk and 
tablet chairs retain their respective 
positions, but in place of plain tables 
in the rear of the room, combination 
desks are provided. These are usually 
3 1/2 ft. by six ft. and 32 inches or 
33 inches high equipped with a sink in 
the center, water, gas and electric out-
lets, reagent bottle racks and drawers 
and cupboards below for the storage of 
student apparatus. The adjoining store-
room is also preferable in that arrange-
ment. 
• • • • • • • • • • • • • • • • • • • • • • 
"Of the various designs of chemistry deske, 
the 12 ft. length is most generally used 
placed across the room. Aisles between 
desks should be five ft. If the desk has 
a trough running through the center, it 
may have one or two end sinks. Some prefer 
two center sinks placed in the desk itself 
at 1/3 length intervals instead of the 
trough, but this has the disadvantage of 
entirely hidden plumbing and shortened 
drawers in front of the sinks. The trough 
type is the best. 
-- -:-±!-
• • • • • • • • • • • • • • • • • • • • • • • • 
•The very precise nature of the subject itself 
should make the physics laboratory a model for 
neatness and orderliness. Physics tables 3 
1/a ft by six ft. are pl~ced in rows of two 
~cross the room, with aisles of five ft. be-
tween rows. Tables should be provided with 
gas and electric outlets.• 
Shigley,l P• 69. 
"The forty foot room has at one end six four 
pupil tables suited to either chemistry, 
physics or general science. For all labora-
tory activities the pupils work at the tables. 
They are equipped With sinks, running water 
and gas. Sink openings are ordinarily kept 
closed with a cover to match the table.• 
Stogsdill,a p. 345. 
•In arranging the laboratory it was decided 
that all students should face in one direc-
tion. In order to do this and still prepare 
for thirty pupils, it was necessary to have 
six tables with five places at each table. 
The desks are a feet wide and 18 feet long, 
thereby allowing 3.6 linear feet ~o each 
pupil. The desks are 3 feet apart and 3 
feet high." 
Strayer and Engelhardt,3 pp. 45-50. 
General Science and Biology Laboratory Table. 
•May be 5 1 long, aa• wide and 30" high. It 
may also be made of oak with smooth warp-
proof top which should extend over the rail 
about a• to permit the use of various table 
clamps. Table may have two drawers, each 
14• x 14• x 3• with locks. It should have 
ink-well installed flush with table top. 
Each table should be provided With a soap-
stone sink 20" x 1a• x la" at one end. This 
table accommodates two people facing in the 
same direction. There should be twelve of 
them for optimum class. 
lArthur R. Shigley, op. cit., p. 69. 
aJ. W, E. Stogsdill, op. cit., p. 345. 
-3George Drayton Strayer and N. L. Engelhardt, op. cit., 
pp. 45-50. 
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Physics and Chemistry Laboratory Table. 
"The student table should be of the Lincoln 
School science table type with laboratory 
work section and lecture section. It should 
have brass plates for holding vertical and 
cross rods. Table should be equipped with 
drawers and provided with gas, electricity, 
hot and cold water.• 
Science Education Committee,l p. 60. 
"Fixed Equipment. Your committee agree with 
other students of this subject that the 
laboratory student's table should have a 
flat top and to be so constructed that pupils 
can work at it either sitting or standing. 
"The most efficient and least expensive 
equipment of this type we have found is 
a table 15 1 long, 22" Wide, 30" high used 
in the junior high schools of the city of 
Philadelphia. The length of this table 
of course will vary with the width of the 
classroom. • • • 
•For the chemistry laboratory in the large 
high school two of these tables are built 
back to back with a burnt-in lead-lined 
trough running down the center. This 
empties into a soap-stone sink with bee-
hive stopped. Water and gas lines are 
carried beneath the table top. This table 
stands 36" high and stools 24" in height 
are used with it. 
"In the biological laboratories of the large 
high school 30" t~bles, only 5 1 long are 
recommended, since teachers must get close 
to the work of each pupil to supervise 
study of specimens and drawings. In these 
tables no pedestals or drawers are recom-
mended. 
•In the physics laboratory, the committee 
recommends the 15 1 double table without 
lead-lined trough in the middle if space 
must be conserved, or a 5t double table 
seating 4 pupils with one pedestal con-L ta.ining cupboa.rd and drawer on each side. 
-=~ ----;-1-•summary of the Report of the Committee on Laboratory 
Standards in Secondary Schools.• Science Education, XVIII 
(February,l934), P• 60. r 
The tables should be e~uipped with apparatus 
supports, gas, and electric current outlets." 
Wright,l p. 417. 
"In the opinion of the writer, the most im-
portant factor to be kept in mind is that 
"cheap• furnishings may prove to be quite 
expensive over the period of years the 
furniture is in use. 
"Criteria for us in selecting the equipment 
company to supply the furnishings are: 
Integrity of the company; experience in the 
manufacture of laboratory furniture; success 
of their recent installations; maintenance 
of a long experienced and highly trained 
englneering department for the purpose of 
insuring satisfactory installations, con-
stant improvements of designs, materials 
of construction, or construction methods; 
and finally the ability to completely manu-
facture (except accessories) all items of 
furnishings in their own plant, especially 
the mechanical portions of the work.• 
A study of the above standards shows that six authori-
ties specifically mention the Lincoln type of laboratory table 
as ideal for the combination laboratory. Many of the others 
recommend two-or four-student tables for chemistry and physics. 
The authorities specifying the long twelve foot tables for 
chemistry l~boratories are either scientists or a committee of 
scientists. 
Inasmuch as almost 44% of our modern schools use some 
form of combination laboratory table, it would seem that the 
trend is to this type of equipment. The leading laboratory 
furniture manufacturers all supply these tables in various 
sizes and finishes. 
1William Albert Earl Wright, op. c~t., p. 417. 
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LEONARD PETERSON & CO., INC. 
24 
CHICAGO, ILLINOIS 
No. 6500 BAY TYPE COMBINATION SCIENCE TABLE 
We are pleased to announce the new designs in Bay Type Com-
bination Science Tables. Our new Bay Type Tables have been 
designed with drawers and cupboards large enough to hold the 
various apparatus and ring stands. 
The sinks, services, and various equipment are placed to 
allow a large work space and to have the connecting section free 
of this equipment. 
SPECIFICATIONS 
Length Width 
Size per section .... . ... . . . 6' g• 4' o· 
6 drawers . . ........... . .. 8" 
6 drawers . . .............. 8" 
2 cupboards .. . ....... . ... 26" 
2 reagent compartments ... 26" 
1 sink, I.D . .. .. . ......... 14" 10 " 
Height 
2' g• 
4" 
6Yz" 
21" 
6" 
Depth 
15.Yz" 
15.Yz" 
5" 
5" 
6" 
EQUIPMENT per section: 2 gas cocks and 1 water cock, with 
piping to next section and shut-off valves to floor; 1 vitreous 
china or soapstone sink, with lead waste fittings and trap or 
waste line to next section; 1 double electric receptacle, with 
conduit to floor or next section; 2 sets of Greenlaw cross 
arms; 14 master keyed locks. 
CONSTRUCTION : Top is 1% " thick birch, treated black acid 
resisting ; reagent compartment is black acid resisting; other 
exposed parts are selected white oak, finished school brown. 
CAPACITY: Six classes of two students per section. 
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LEONARD PETERSO N & CO., INC. 
22 
CHICAGO, ILLINOIS 
No. 6400 COMBINATION SCIENCE TABLE 
These Six-Student Tables are designed to accommodate the largest number of students possible in an average 
size laboratory by limiting the work space to 2' 6 • per student. The tables are equipped with two or four drawers 
for each student position, thereby making it convenient to accommodate that number of classes, or a larger num-
ber, by allotting one drawer or each set of drawers to two or more students. The cupboards provide the required 
storage space for ring-stands and other tall pieces of apparatus. The tables are made single so that all the students 
face in one direction. They are used extensively in schools where several sciences are taught in one laboratory 
and where it is also desirable to use the layout for recitation. 
SPECIFICATIONS 
Length Width Height Depth 
Size of Table . ... ........ . 15' 0" 2' 3" 2' 9" 
12 drawers ..... . .. ... ... . 9" 4~· 15~· 
3 cupboards ... .. ... ...... 13" 18~· 23" 
3 reagent compartments ... 13" 6" 4" 
3 sinks, I.D ... .. .. . ...... 14" 10" 6" 
EQUIPMENT: 6 gas cocks and 3 disappearing water cocks, all 
with piping to floor and shut-off valves; 3 vitreous china or 
soapstone sinks with lead waste fittings and trap; 3 sink 
covers; 3 double electric receptacles, with conduit to floor; 
3 sets of rods and cross bars; 12 master keyed locks. 
CONSTRUCTION: Top is 1%" thick birch, treated black acid 
resisting; reagent compartment is black acid resisting; other 
exposed parts are selected white oak, finished school brown. 
CAPACITY: Two classes of six students. 
No. 6410 
COMBINATION 
SCIENCE 
TABLE 
SPEC !FICA TIONS 
Length 
Size of table .... .. .... . ............... 15' 0" 
12 drawers ....... ... . ............... . 
12 drawers ... . ......... ..... ........ . 
3 reagent compartments .. .... . .. ..... . . 
3sinks,I.D ......... ................. 14" 
Width 
2' 3" 
8" 
8" 
19" 
10" 
Height Depth 
2' 9" 
6~·· 15~" 
4~" 15~" 
6" 4" 
6' 
The equipment and construction of this table are the same as specified for No. 6400, except there are 24 master 
keyed Jocks. CAPACITY: Four classes of six students. 
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After looking over the catalogs of these manufacturers 
it was decided to include here the two descriptions following. 
The reason for this was that the one illustrates the so called 
Lincoln type and contains the advantages listed by Caldwell. 
The other type is a newer type which has many of the adva~ 
tages of the former and is exceptional in that it requires 
lese floor space per pupil. 
78 
-#-
EXTENT TO WHICH LABORATORY IS NEEDED FOR OTHER SUBJECTS 
Until recent times the floor area assigned to the 
science department for laboratories has represented a big waste. 
For instance, Dr. Parker reported in a bulletin published by 
Teachers College, Columbia University, entitled Housing of 
High~School Programs, that the chemistry laboratory was idle 
59% of the time, the physics laboratory idle 71% of the time 
and the biological laboratory idle 44% of the time. 
In view of this the science department heads were 
asked to indicate if other subjects were taught in their labora-
tories. The following table shows the enrollment of the high 
school, the number of periods per week the laboratories were 
used for each of the non-science subjects. The asterisk before 
the subject indicates that that subject is taught by a. member 
of the science department. 
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TABLE VII 
OTHER SUBJECTS TAUGHT IN LA OORATORIES 
Periods 
Enrollment Per Week Subject 
152 10 *Mathematics 
185 5 Music Appreciation 
230 3 *History 
270 3 Industrial Arts 
3 *Physical Education 
300 20 Agriculture 
309 5 •Mathematics 
341 5 *Mathematics 
375 1 Geography 
550 5 •Mathematics 
585 5 English 
600 1 French 
680 15 *Mathematics 
685 5 Mathematics 
700 5 •French 
15 *Mathematics 
5 Social Studies 
750 2 *English 
773 3 *Mechanical Drawing 
6 Art 
950 16 Art 
1100 5 •Junior Business Training 
5 Geography 
1250 10 *Mathematics 
1274 2 English 
3 Mathematics 
1380 10 •English 
1541 5 •Mathematics 
10 *Agriculture 
1600 5 •Mathematics 
1800 5 •Mathematics 
1800 15 Guidance 
1850 18 French 
2000 5 Shorthand 
2200 1 Health 
2650 5 French 
3000 a Mathematics 
3600 10 Engl.i sh 
8500 12 English 
16 Art 
Of the hundred and fourteen schools returning the check 
list, thirty-two schools, or 37.8% of them, report that their 
laboratories are used for subjects other than science. A 
study of the enrollments reveals that practically all sizes of 
schools are represented from a small high school of one hundred 
and fifty-two to the large city high school of eight thousand 
five hundred pupils. Of the subjects taught in the laboratories 
Mathematics appears most often with ninety periods a week out 
of the total of two hundred and eight-one periods or 35.6%, 
of the total time devoted to non-science subjects. The next 
is English with forty-one periods a week and French with twenty-
nine periods a week. Art is taught in the laboratories of 
1
: 
three high schools with a total of thirty-eight periods a week, 1 
possibly because the laboratory tables now used make a good 
working table. 
This study indicates that the science instructors 
are more liberal in the use of their science rooms for instruc-
tion purposes in other subjects. Possibly this change has come 
about gradually through the use of the laboratories by the 
science instructors for their own instruction in non-science 
subjects. In the above table the asterisk indicates that the 
subject taught in the laboratory is also taught by the science 
teacher. A count indicates that eighteen of the forty cases 
listed or 45% of them, are taught by members of the science 
depa.r tment. 
OTHER SUBJECTS TAUGHT BY SCIENCE TEACHERS 
Teachers are often hired for high school work if they 
are able tot each a certain combination of subjects. In an 
effort to arrive at the moat common combination today the 
teachers answering the check list were asked to list subjects 
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OTHER SUBJECTS TAUGHT BY SCIENCE TEACHERS 
Teachers are often hired for high school work if they 
are able tot each a. certain combination of subjects. In an 
effort to arrive at the most common combination today the 
teachers answering the check list were asked to list subjects 
taught by them in addition to science. Seventy-eight high 
schools reported combi~tion of subjects or 68% of those 
replying. 
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TABLE VIII 
OTHER SUBJECTS TAUGHT BY SCIENCE TEACHERS. (1) 
ENROLL- PHY. 
H. S. - MENT MATH.- EDUC.- FRENCH-ENGLISH-COACH-SUPER.-MISCELLANEOUS 
1 INC • 
2 140 • • 
3 150 Dramatics 
4 152 • • • • Music 
5 152 • 
6 160 • 
7 160 
8 160 
9 160 Geography 
10 175 • 
11 185 • 
12 190 
13 190 • Industrial Arts 
14 210 • • Geography & Hist • 
15 222 
16 ~0 • History 
17 235 • • 
18 235 
19 264 
20 270 • • • Geography 
21 300 • 
22 309 • Mech. Drawing 
23 324 • • 
24 341 • Agriculture 
25 345 • 
26 358 • 
27 375 • • Industrial Arts 
28 400 
29 400 • Agriculture 
30 400 • 
31 425 • 
32 445 • 
33 450 
34 471 
35 492 • 
36 512 • Industrial Arts 
37 512 
38 550 • Geography 
39 550 • 
40 550 • • 
41 556 
42 560 • History 
43 580 • 
44 585 
45 600 
46 650 • Social Studies 
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OTHER SUBJECTS TAUGHT BY SCIENCE TEACHERS (2) 
ENROLL- PHY. 
H. s. - MENT MATH.- EDUC.- FRENCH-ENGLISH-COACH-SUPER.-MISCELLANEOUS 
47 680 • 
48 685 • 
49 685 
50 700 • • 
51 724 
52 750 • Social Studies 
53 750 • • • Industrial Arts 
54 750 • 
55 750 • 
56 750 • Mech. Drawing 
57 700 
58 773 Mech. Drawing 
59 780 
60 780 Hygiene 
61 800 • 
62 850 • 
63 900 
64 930 * • • 65 950 • 
66 975 • 
67 1000 
68 1000 
69 1050 
70 1050 • 
71 1100 
72 1100 • Jr. Bus. Training 
73 la:>o • 
74 1200 • 
75 1209 social Studies 
76 1211 • 
77 1250 • 
78 1274 • • Industrial Arts 
79 1300 • • • 
80 1380 • Social Studies 
81 1400 
82 1400 
83 1500 • 
84 15a:> • 
85 1541 • Agricu1 ture 
86 1550 • • • 
87 1600 
88 1600 • 
89 1600 • • 
90 1800 • 
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OTHER SUBJECTS TAUGHT BY SCIENCE TEACHERS (3) 
ENROLL• PHY. 
H. S. - MENT MATH.- EDUC.- FRENCH-ENGLISH-COACH-SUPER.-MISCELLANEOOS 
91 
92 
93 
94 
95 
96 
97 
~~ 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
1800 
1800 
1800 
1839 
1850 
1850 
2000 
~88 
2146 
2162 
2200 
2a)O 
2278 
2400 
2600 
2650 
2860 
3000 
3400 
3600 
4100 
5000 
5200 
8500 
• 
• 
• 
• 
• 
• 
50 
• • 
• 
• 
• 
• 
• 
13 6 11 
Mathematics 50 
Physical Education 13 
French 6 
English 11 
Coach 8 
SUpervisor 9 
Industrial Arts 5 
History 5 
Geography 6 
Socia~ Studies 5 
Mechanical Drawing 4 
Agriculture 4 
Hygiene 2 
Junior Business Training 1 
Dramatics 1 
Music 1 
Total Number of Schools Reporting 78 
• 
• 
• 8 9 
(Social Studies 
(Agriculture 
Geography 
(Geography 
(History 
Hygiene 
Mech. Drawing 
History 
==-~ 
The accompanying table gives the distribution of 
subjects. It is interesting to note that mathematics accounted 
for two-thirds of the cases reported or fifty out of a total 
of seventy-eight. Physical Education was the next highest 
with thirteen cases or 17%. From this it would appear that 
the young person seeking a high school teaching position would 
do well to mention the possibility of teaching a combination of 
science and ~thematics. 
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CHAPTER THREE 
SUMMARY 
1. Size of laboratory 
For schools under 650 pupils the first and third 
quartile of the measurements reported show lengths from 35 feet 
to 49.5 feet. The mode was 40 feet. The width for this size 
of school gave first and third quartile measurements of 21.7 
feet and 28.7 feet. Widths of 20 feet and 22 feet both had 
twelve scores, the greatest number in this table. 
For schools over 650 pupils the first and third 
quartile of the measurement reported showed length of 37.3 
feet and 47.4 feet. The mode was 40 feet. The width for this 
size of enrollment gave the first and third quartiles as 21.7 
and 27.9 feet. The mode in this case was 25 feet. 
2. Number of Laboratories 
The number of laboratories to be planned for a 
specified enrollment can be determined from Table III. The 
coefficient of correlation ~.84) would indicate that there is a 
definite relation between the number of labor tories and the 
enrollment. 
3. Location And Light of the Laboratories. 
The facts compiled from this study indicate that 
the preferred location of the science laboratory is the top 
floor of the secondary school on the south side of the build-
ing. 
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4. Type of Laboratory. 
-1 
Of the three arrangements of laboratories in each 
group of high schools the combination laboratory and recitation 
with students remaining at the tables was the most common. The 
lecture room and separate laboratory arrangement was restricted 
to chemistry and physics almost entirely and occurred most 
often in the larger schools. 
s. Service Rooms and Storage Facilities. 
Separate storage facilities for chemical and physical 
equipment is nighly recommended. In a great many cases un-
favorQble comment by the instructor was restricted to the i~ 
adequate storage facilities. 
6. Fume Hoods. 
The number of fume hoods provided in the laboratory 
has decreased greatly. Of the schools reporting here 10.3% 
had no hoods, 33 1/3% had only one hood, 18.5% had only two 
hoods or in other words 62% of the schools had two or less 
hoods. Prevailing practice appears to require one fume hood 
but its usefulness is fast disappearing in our well ventilated 
schools of today. 
7. Laboratory Furniture. 
General Science and biology laboratory furniture 
has become standardized by the use of plain tables with students 
seating on one side for laboratory work and recitation. 
I 
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In chemistry and physics the trend is to furniture 
which will enable students to work and recite at the table while 
facing the teacher. 
a. Use of the Laboratory for Other Subjects. 
Of the schools replying to this check list 27.8% 
reported that their laboratories are used for subjects other 
than science. Mathematics was one of those taught most fre-
quently in the science laboratory, possibly because of the fact 
that science teachers are often asked to teach m~thematios. Art 
and Mechanical Drawing are subjects that could be taught satis-
faotorily in many laboratories because of the similarities in 
the equipment required. 
9. Other Subjects Taught by Science Teachers. 
Science teachers taught Mathematics in addition to 
science in two-thirds of the oases where such combinations 
were necessary. 
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TABLE IX 
MEASUREMENTS OF LABORATORIES IN FEET (1) 
ENROLL- GENERAL 
H. s.- MENT PHYSICS-CHEMISTRY-BIOLOGY-SCIENCE-PHY. CHEM.-BIOL. G. S. 
1 INC 
a 140 33x22 
3 150 35x25 
4 152 40x27 
5 152 50x25 
6 160 40x24 36x24 
7 160 36x23 
8 160 50x25 
9 160 40x28 
10 175 29x21(2) 
11 185 40x20 
12 190 34x15 
13 190 27x35 25x25 
14 210 35x25(2) 
15 222 36x20 
16 230 44x22 
17 235 48x30 48x30 
18 235 75x25 
19 269 54x23 66x23 
20 270 55x35 
21 300 20x20 aoxao 20x20 
22 309 48x22 36x22 
23 324 32x21 
24 341 30x25 40x22 
25 345 36x20 36x20 
26 358 45x28 45x28 
27 375 32x22 28x22 
28 400 30x27 
29 400 35x20 30x20 
30 400 40x20 
31 425 60x30 60x30 
32 445 50x35 50x35 
33 450 55x22 55x22 
34 471 22x22 40x24 43x22 
35 492 50x36 70x36 45x40 
36 512 42X24 40x24 42x24 44x24 
37 512 45x23 40x23 
38 550 27x23 36x26 28x26 
39 550 45x30 
40 550 50x28 50x28 
41 556 40x22 
42 560 70x30 70x30 70x30 70x30 
43 580 30x25 45x30 45x30 
44 585 40x24 
45 600 44x24 44x24 
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MEASUREMENTS OF LABORATORIES IN FEET (2) 
ENROLL- GENERAL 
H. s. 
- MENT PHYSICs-CHEMISTRY-BIOLOGY-SOIENCE-PHY. CHEM.-BIOL. G.s. 
46 650 40x20 
47 680 36x20 30x20 36x20 36x20 
48 685 38x23(2) 
49 685 36xl5 36xl5 
50 700 29x2l 30x2l 28x2l 28x2l 
51 724 40x25 40x25 
52 750 44X24 35x36 
53 750 45x25(3) 
54 750 72x21 72x2l 3lxl8 
55 750 60x30 60x30 60x30(2) 
56 750 42x30 42x30 38x28 
57 760 36x20 36x20 36x20 
58 773 35x30 35x30 40x25 
59 780 46x23 48x23 46x23~2) 
60 780 50x25 40x25 40x25 2) 
61 800 45x23 47x24 
62 850 35x28 35x28 32x28 
63 900 48x24 48x24 48x24(2) 
64 930 35x21 35x21 54x2l 
65 950 30xl8 50X25 ~30xl8 
50x25 
66 975 50x30 55x30 45x30 
67 1000 40x26 40X26 40x20 
68 1000 50x30 50x30 50x30 50x30(2) 
69 1050 38x25 42x25 35x25(2) 
70 1050 40x30 45x30 40x30 35x30 
71 1100 45x22(3) 
72 1100 40X24 40x24 40x24 
73 1200 39x23(2) 39x23(2) 39x23(2) 
74 1200 45x25 45X25 40x25 ~40x25 
30x25 
75 1209 42x22 42x22 42x22~ 2~ 
76 1211 50x22 50X22 50x22 3 
77 1250 58x24 48x24 ~58x24 
48x24 
78 1274 50x30 50x30 45x30(2) 
79 1300 45x20 45xao 45x20 30x25 
80 1380 45x27 33x27{2)33x27(3) 
81 1400 38x35 50x35 38x35 
82 1400 36x28 36x28 56x28 56x28 
83 1500 30x20 40X20( 2) 30x20( 2)40x20 
84 1520 40x25 4Qx25 40x25(3) 
85 1541 56x25(2) 56x25 ~39x29 48x24 
29x29 
86 1550 INC 
87 1600 50x30 50x30 50x30 
88 1600 42x22 35x24 42x22 42x22 
89 1600 37x22 37x22 30x22 
90 1800 60x22 60x22 35x22(2)30x20(2) 
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MEASUREMENTS OF LABORATORIES IN FEET (3) 
ENROLL- GENERAL 
H. S.- MENT PHYSICS-CHEMISTRY-BIOLOGY-SCIENCE-PHY. CHEM.-BIOL. G. s. 
91 1800 (50x23 60x24 40x22(2) 30x20( 2) (45x23 
92 1800 41x24(3) 30x22(2) 
93 1800 34X22 35x25 33x22(4) 25x22 25x22 
94 1839 40x25 38x25(2) 40x30 40xa5(2) 45x25(Zoo) 
95 1850 45xa5 45x25 45xa5(2) 
96 1850 36x30 36x30 30x30(2) 36x30 
97 2000 40xa8 40xa8 40xa8 
98 2050 24xao 42x20 34x20~2) 30x18 
99 a100 40x30 ~45x30 45x30 3) 
40x30 
100 al46 40xa4 40xa4 30xa4 30xa4 30xa4 
101 216a 35x25 37xa5 35xa5 35xa5 
10a aaoo 55xa6~2~ 55xa6~ 2~ 55x26~ 2l 35xa6( a) 103 a200 40xaa a 40xa2 a 40x22 3 3ax2a 
104 a278 70xa8 70x28 70x28 4 
105 a400 4axa5 4lxa3 44x2a 
106 a60o 4axa4(3) 42x24( 2) 42x25tl 4axa5~2~ 107 a650 36xa4 36xa4 2 36xa4~3~ 36x24 2 
108 a860 60x25( a) 60xa5( 2) 40x25 4 45xa5 2 
109 3000 50x30 50x30 50x30 
110 3400 48x23(3) 48x23(3) 40x23rl 32xa3(3) 111 3600 48xa4 45xa4 45x24 2 
34x30 3~ 
112 4100 45x24(2) 45x24(a) 45xa4 a 40xa4(2) 
113 5000 42x24 42x24 42xa4 28x24 
114 5200 48x23 48xa3 48x23~a~ 48x23~a~ 
115 8500 41x2a(a) 41xaa(3) 41x22 5 41xa2 4 
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TABLE X 
SCIENCE REGISTRATION (1) 
ENROLL- GENERAL SCIENCE-NUMBER 
SCHOOL MENT PHYSICS - CHEMISTRY - BIOLOGY - SCIENCE - REG. OF LABS. 
1 INC 15 44 59 
2 140 10 35 25 70 1 
3 150 12 41 39 92 1 
4 152 20 20 36 76 1 
5 152 23 46 69 1 
6 160 36 11 19 66 2 
7 160 16 25 26 25 92 1 
8 160 25 51 76 1 
9 160 10 11 46 67 1 
10 175 42 38 80 2 
11 185 21 25 102 148 1 
12 190 37 18 45 100 1 
13 190 10 22 42 45 119 2 
14 210 210 210 2 
15 222 34 52 43 129 1 
16 230 31 35 34 47 147 1 
17 235 15 35 38 88 2 
18 235 13 7 60 80 1 
19 269 19 24 37 40 120 2 
20 270 30 28 55 90 203 1 
21 300 25 45 35 70 175 3 
22 309 26 36 66 128 2 
23 324 23 78 35 71 207 1 
24 341 25 110 111 246 2 
25 345 22 66 74 162 2 
26 358 17 50 60 44 171 2 
27 375 21 25 130 176 2 
28 400 21 75 50 146 1 
29 400 27 48 80 155 2 
30 400 15 29 65 80 189 1 
31 425 31 30 82 90 233 2 
32 445 24 33 42 116 215 2 
33 . 450 25 40 38 120 233 2 
34 471 26 43 75 140 284 3 
36 492 18 78 56 116 268 3 
36 512 14 39 49 85 187 4 
37 512 16 41 57 2 
38 550 20 35 20 291 366 3 
39 550 550 550 :J. 
40 550 61 53 129 124 367 2 
~1 556 45 48 93 1 
42 560 25 55 75 80 235 4 
43 580 50 70 120 150 300 3 
44 585 70 70 1 
45 sao 56 48 150 254 2 
SCIENCE REGISTRATION ( 2) 
ENROLL-
SCHOOL MENT PHYSICS - CHEMISTRY - BIOLOGY -
46 650 22 76 115 
47 680 52 72 175 
48 685 
49 685 28 114 152 
50 700 28 77 104 
51 724 34 117 150 
52 750 20 52 160 
53 750 
54 750 37 82 84 
55 750 20 68 252 
56 750 24 20 150 
57 700 84 150 267 
58 773 116 84 64 
59 7f1J 96 166 250 
60 700 40 56 125 
61 800 120 116 
62 850 87 150 235 
63 900 200 170 330 
64 930 16 60 160 
65 950 55 150 200 
66 975 70 100 120 
67 1000 139 100 150 
68 1000 65 120 280 
69 1050 38 57 255 
70 1050 32 85 325 
71 1100 80 
72 1100 30 100 130 
73 1200 50 200 840 
74 1200 48 117 202 
75 1ro9 135 138 395 
76 1211 42 82 463 
77 1250 67 91 301 
78 1274 162 102 400 
79 1300 36 60 130 
80 1300 102 250 
81 1400 60 250 175 
82 1400 88 56 105 
83 1500 160 150 160 
84 1520 30 159 195 
85 1541 180 158 330 
86 1550 170 140 750 
87 1600 80 140 
88 1600 80 101 480 
89 1600 40 75 132 
90 1800 125 129 265 
GENERAL 
SCIENCE -
160 
153 
379 
70 
121 
750 
90 
105 
40 
242 
290 
240 
320 
30 
280 
63 
209 
960 
150 
174 
180 
450 
300 
440 
225 
52 
160 
280 
326 
280 
150 
SCIENCE 
REG. 
373 
452 
379 
294 
279 
422 
232 
750 
203 
340 
284 
501 
369 
512 
261 
236 
714 
700 
526 
645 
610 
419 
745 
413 
651 
1040 
410 
1090 
541 
668 
587 
459 . 
664 
406 
002 
785 
689 
695 
436 
828 
1:340 
220 
987 
527 
669 
/ 
/ 
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NID.{BER 
OF LABS. 
a 
4 
2 
a 
4 
a 
2 
3 
3 
4 
3 
3 
3 
4 
4 
a 
3 
4 
3 
4 
3 
3 
5 
4 
4 
4 
3 
6 
5 
4 
5 
4 
4 
4 
6 
3 
4 
6 
5 
6 
3 
4 
3 
6 
99 
SCIENCE REGISTRATION (3) 
ENROLL- GENERAL SCIENCE NUMBER SCHOOL MENT PHYSICS - CHEMISTRY- BIOLOGY- SCIENCE - REG. OF LIES. 
91 1800 120 128 210 385 843 6 92 1800 165 150 130 100 545 5 93 1800 137 260 428 156 981 8 94 1839 151 199 164 336 850 7 95 1850 1600 250 1850 4 96 1850 30 180 480 120 810 5 97 2000 100 100 300 200 700 3 98 2050 72 106 450 535 1163 . 6 99 2100 85 183 350 618 6 
100 2146 135 256 431 461 1283 5 
101 2162 112 118 267 189 686 6 
102 2200 289 380 340 268 1277 8 
103 2200 165 282 459 295 1181 8 
104 2278 225 156 421 98 900 6 
105 2400 285 288 633 1206 ·3 
106 2600 183 390 370 943 11 
107 2650 46 487 1010 1543 8 
108 2860 355 352 426 234 1367 10 
109 3000 124 180 503 807 3 
110 3400 125 300 210 635 12 
111 3600 1432 320 1752 7 
112 4100 310 345 580 1045 2280 8 
113 5000 125 260 850 1100 2335 4 
114 5200 274 380 1044 1315 3013 6 
115 8500 661 1620 1841 1391 4913 14 
100 
1 
ENROLL- LOCATION ARRANGEMENT STORAGE FACILITIES 
H. s. - MENT by floors LECT. ARM COMB. PHYSICS CHEMISTRY 
B 1 2 3 4 RM. CHAIR RM. S.R. CAB. S.R. CAB. 
1 INC • • • • 2 140 • • • • 3 150 • • • • 4 152 • • • • 5 152 • • • • 6 160 • • • • 
7 160 • • • • 
a 160 • • • • 9 160 • • • • 
10 175 • • • 11 185 • • • • 12 190 • • • • 13 190 • • • • 14 210 • • 
15 222 • • • 
16 230 • • • • 
17 235 • • • • 
18 235 • • • • 19 269 • • • • • 
2Q 270 • • • • 
21 300 • • • • • • 22 309 • • • • • • 
23 324 • • • •• 
24 341 • • • • • 
25 345 • • • • • 26 358 • • • • • 27 375 • • • • 28 400 • • • • 
29 400 • • • • • • 30 400 • • • • • 
31 425 • • • • • • 
33 445 • • • • 33 450 • • • • • • • • 34 471 • • • • • 35 492 • • • • 36 512 • • • • 37 512 • • • • '1 • 38 550 • • • • • 39 550 • • • • 40 550 • • • • • 41 556 • • • • 42 560 
* • • • • • 43 580 • • • • 
44 585 • • • • 
45 600 • • • • 
46 650 • • • • • 47 680 • • • • • • • 48 685 
* • • • 
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ENROLL- LOCATION ARRANGEMENT STORAGE FACILITIES 
H. s. - MENT BY floors LECT. ARM COMB. PHYSICS CHEMISTRY 
B 1 2 3 4 RM. CHAIR RM. s. R. CAB. S. R. CAB. 
49 685 • • • • 
50 700 • • • • • 
51 724 • • • 
._ 
52 750 • • • • 
53 750 • • • • • 
54 750 • • • • 
55 750 • • • • 
56 750 • * • • 57 700 • * * • • 58 773 • • • • • 
59 780 * • • * • • 
00 780 * • • • • • • 61 800 • • • • • • * 62 850 • • • • • 63 900 • • • • 64 930 • • • • 65 950 * • • • • • 66 975 • • • • • • • 67 1000 • • • • • • 68 1000 • • • • 69 1050 • • • • • • 70 1050 • • • • • • • 71 1100 • • • • 72 1100 • • • • • 73 1200 • • • • • • • 74 1200 • • • * • 75 13:)9 •• • • • • 76 1211 • • • • • • 77 1250 • • • • • • • • • 78 1274 • • • * • 79 1300 • • • • • 80 1380 • • • • 
81 1400 • • • • 
82 1400 • • • • 83 1500 • • • • 
84 1520 • • • • • • 85 1541 • • • • • • • • 86 1550 • • • • 
87 1600 • • • • 
88 1600 • • • • • 89 1600 • • • • 
90 1800 • • • • • 91 1800 • • • • • 
92 1800 • • • • 
93 1800 • • • * 94 1839 • • • • • • • • 
95 1850 • • • • • • • 96 1850 • • • • • 
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ENROLL-LOCATION ARRANGEMENT STORAGE FACILITIES H. s. - MENT by floors LECT. ARM COMB. PijYSICS CHEMISTRY B 1 a 3 4 RM. CHAIR RM. S.R. CAB S. R. CAB 
97 2000 • • • • • 98 2050 • • • • • • 99 2100 • • • • • • • 100 2146 • • • • • 101 2162 • • • • 102 2200 • • • • • 103 2200 • • • • • • • 104 2278 • • • • • • • 105 2400 • • • • 106 2600 
* * • • • • • • 107 2650 • * • • • 108 2860 • • • • 
·* * • 109 3000 • • • • • • • 110 3400 • • • • • • 111 3600 • • • • 112 4100 • • • • • • • • • • 113 5000 • • • • • • 114 5200 • • • • • • 115 8500 • • • • • • • • 
